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(a) Jnsert title verbally 
agreeing -with that in the 
application form. 



(by State (in full) nsme a 
address and nationality of 
applicant or applicants as 
in application form. 
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tion of the invention. The 
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Cephem an d penam compounds 
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The present invention relates to cephem or penain 
compound (I) having a partial structure of the formula 



(I): 



T 

N 



R 



8 



R 



CHCONH ~ 
2 / 



(I) 



N 



R 







wherein R 1 represents an amino or hydroxy! group , 

2 
each of which may he protected; R represents an 

amino or hydroxy 1 group, or a group convertible 

into either or tooth of these groups; R represents 

hydrogen or methoxy or a group convertible into a 

methoxy group, and R 8 represents hydrogen or a 

halogen, 

intermediates thereof, 

and processes for preparing these compounds. 
""' We have found that the above-mentioned compounds 
(I) have strong antibiotic properties against a vide 
variety of microorganisms including gram-positive 
bacteria as veil as gram-negative "bacteria. 

The present invention is therefore directed to: 

(1) a cephem or penam compound (I); 

(2) a cephem or penam compound (li) having a partial 
structure of the formula (li): 
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(-3) 



wherein each of R and It represents an amino or 
hydroxy! group, and R represents hydrogen or a 

* 

methoxy group; 

a cepheru or penam compound of the " formula (ill): 
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R 10 
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wherein A represents a group of the formula: 




j 

C00H 



or 




C00H 



in which R represents hydrogen or a residue of a 
-nucleophilic compound, and each of other symbols 
has the same meaning as defined above; 
(h) a compound of the formula (IV): 



E S 

N -r— 



.R 8 

CC00H 

NR 3 



(IV) 



wherein R^ represents hydroxyl, which may be 
protected, and each of other symbols has the same 
; meaning as defined above; 

r 

(5) a compound of the formula (V) : 



N 




R 8 
CHC00H 

R 2 



(V) 



wherein- each of the symbols has the same meaning as 



defined above; 
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(6) a process for preparing a cephem or penam compound 
(i), which comprises reacting a cephem or penam compound 
(Vl) having a partial structure of the formula: 
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wherein the symbol R^ has the same meaning as defined 

above 
with a compound (V) (as defined above), followed, if 
necessary, by the removal of the protective group and/or 
the conversion of the convertible group; 
(7) a process for preparing a compound (VIII) having a 
partial structure of the formula (VIII): 



R 






R 



8 



^iipph ^ >i fi 



R 
x 



CHCONH - 
JM^ 2 



r 



(VIII) 



■N 



n 

: k 

- t 

1 



n 



a 
a 



20 



25 



30 



which comprises reducing a compound (VII) having a 
partial structure of the formula (VII): 




(VII) 



wherein each of the symbols of the compounds (VII) 
and ( VIII ) has the same meanings as defined above, 
followed, if necessary, by the removal of the protective 
group and/or the conversion of the convertible group, 
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(8) a process for preparing a compound of the formula 
(X): • 
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CHC0NH 



R' 




(X) 



CH 2 R 



COOH 



wherein each of the symbols has the same meaning 

as defined above 

action a compound of the formula (IX) 



which comprises reac 



K 




N 




R 



8 



R 
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CHC0NH -I 
R 




(IX) 



CH 2 R 



COOH 



- wherein R represents an acyloxy, carbamoyl oxy or 
a halogen and the other symbols have the same 
meanings as defined ahove, 

with a nucleophilic compound, followed, if necessary, 

by the removal of the protective group, and/or the 

conversion of the convertible group; 

(9) a process for preparing a compound of the formula 



'(xi): 
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N - 




R 8 

CHC00H 

t 
NH„ 



(XI) 



wherein the symhols have the same me 



anings as defined 



above , ' 

which comprises reducing a compound (IV), followed, if 
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* 



V 



necessary, by the removal of the protective group; 

(10) a process for preparing a compound of the formula 

(XIV) : 



R 13 -^-- S 



T" 1 (XIV) 



N 



C-C00H 
Z 



wherein R 15 represents hydroxyl or amino, which 
may he protected, and the other symhols have the 
meanings given below, 
which comprises reacting a compound of the formula (XIl): 

. XCH Q - C - C - C00H 

2 II /\ (XII) 

Y Z 

wherein X refers to a halogen and, when Y is 
15 hydrogen, Z is an amino group, which may be 

protected, or Y and Z together represent a group 
of the formula: 

5 



=NR 



1 Ln which R 5 is hydroxyl, which may be protected, 



■1 

J" 20 in 



and a compound of the formula (XIIl): 



S 

R 12 _ C - NH 2 (XIII) 



I 25 wherein R 12 represents a lower alkoxy group or an 



amino group which may be protected, 
followed, if necessary, by the removal of the protective 

group; 

(U) a process for preparing a compound of the formula 

30 (XVI): 
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C-COOH 
NR 5 



wherein the symbol has the same meaning as defined 



above 



which comprises reacting a compound of the formula (XV): 



H 2 N 



N "- 



(xv) 



C-C00H 

« 5 



wherein the symbol R 5 has the same meaning as defined 

above , 
with a diazotizing reagent; 
(12) a process for preparing a compound of the formula 



(XIX) : 




(XIX) 



CH-C00H 

I 
OH 



wherein the symbol has the same meaning as defined 

■ below, 
which comprises reacting a compound of the formula (XVIl): 



n lh - CS-NH, 



(XVII) 



wherein R 1 ^ represents an amino group which may be 

protected, ? 

with trihalogenoacetone in the presence of a base to 
obtain a compound of the formula (XVIIl): 
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if 



15 



20 






wherein the symbol R has the same meaning as 



'*■* defined ahove, 

V J 



suhjecting the compound (XVIIl) to an addition reaction 
with hydrogen cyanide, and hydro ly sing the resulting 
5 product, followed, if necessary, hy the removal of the 
protective group; 

(13) a process for preparing a compound (VII), which 
comprises reacting a compound (Vl) with a compound (IV), 
followed, if necessary, hy the removal of the protecting 

10 group and/or conversion of the convertihle group; 

(14) a process for preparing a compound of the formula 

■ (XXI) = 1 ^8 






( XXI ) 
jj u_ c CONH ' "" "- 

■ COOH 
wherein the various symbols have the same meaning 

as defined above, 
which comprises reacting a compound of the formula (XX) : 



II „1- „ . „8 " -„3 



(XX) 



N 




C CONH-r 
II 



COOH 
wherein the various symbols have the same meaning 



as defined ahove, 

-p 

25 with a nucleophilic compound, followed, if necessary, 
by the removal of the protecting group and/or the 
conversion of the convertihle group; and 
(15) a process for preparing a compound of the formula 

(XXIII): 13 

\ w B-n-nooH 



C-C00H 

11 5 



I .A 
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| ' wherein the symbols have the same meamg as 

..{ ■ defined above, 



• (- 






i : 



1 
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_* 



which comprises reacting a compound of the formula 
(XXII): 



X - CH Q - C - C - COOH (XXII) 

I 5 ' 2 II II 5 ■ 



wherein the symbols have the same meaing as defined 
above, 



! 

i 

\ 

\ with a compound (XIII), followed, if necessary, hy the 



10 removal of the protecting group. 

t 

' In the cephem or penam compounds (i), the symbol 
R 1 represents an amino or hydroxy 1 group, or a protected 
] amino or hydroxy 1 group, 

i * j. 

| By a "protected" amino group is meant an ammo 

15 group protected with such easily removable protective 

groups for amino groups as are usually employed in the 
i ■ - 

peptide chemistry, which are exemplified by an alkyl- 

~ carbonyl group such as forinyl, acetyl or propionyl, an 
■ alkoxycarbonyl group such as t^-butoxycarbonyl , an 
20 alkoxyalkyl carbonyl group such as methoxyacetyl or 

methoxypropionyl, a substituted alkoxycarbonyl group 
such as trichloroethoxycarbonyl, an aralkyloxy carbonyl . 
group such as benzyloxycarbonyl, a substituted aralkyloxy- 
J \ carbonyl group such as £-nitrobenzyloxycarbonyl , or an 

] 25 amino group protected with a proton* 

By a protected hydroxy 1 group is meant a hydroxyl 
group protected with an easily removable protective 
group for a hydroxyl group. Such easily remcvable 
protective groups for hydroxyl groups may be exemplified 
30 "by- e.g. an acyl group such as 1 ormyl , acetyl, chloro- 
. acetyl, trif luoroacetyl , methoxyacetyl, phenoxyacetyl , 

■ $ 

kf 9 X * . 
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: benzoyl, benzoylf onnyl , £-nitrobenzoyl , ethoxycarbonyl , 

I * p, p , p-trichloroethoxycarbonyl , p , p , p-trihromoethoxy- 

! carbonyl or £-nitrophenoxycarbonyl or a protective 

■ group which is easily removable under relatively mild 

i 5 ' conditions such as tetrahydropyranyl , tetrahydrothio- 

* 

T 

\ furanyl or me thoxy tetrahydropyranyl. 

i p 

\ - The symbol R represents an amino or hydroxyl 

L. * group, or a group convertible into one -of these groups. 

I - - The latter' group includes those convertible into an 

| . io amino or hydroxyl group by e.g. reduction, oxidation 

or hydrolysis, employing mild conditions which do not 
. affect the oephem" or penam ring, as well as the protected 
amino or hydroxyl groups mentioned above, 
| . ■ By the- symbol R 5 is meant hydrogen, a methoxy group 

15 or a group convertible into a inethoxy group. ,As the 
ij group convertible into a inethoxy group, there may be 

employed such groups which are convertible into a 
methoxy group by the reaction with methanol as methyl- 
thio or methylseleno. 

The. symbol R 8 represents hydrogen, or a halogen- 
such as chlorine or bromine, Mien the compounds (i) 

i 

] represent penam compounds, they are 6-substituted-2, 

1 - " '2~dimethylpenani-3~carboxylic acids, or salts or esters 

1 

thereof. When the compounds (l) represent cephem 

25 compounds, they are 7-substitiited-3-substituted-2 or 

3-eephem-4-carboxylic acids, or salts or esters thereof. 

;j As the substituents at 3-position of the cephem compounds, 

there may be generally employed such groups as are found 

j in the corresponding moiety of cephalosporins produced 

■f 

! 30 by fermentation or as are easily derivable therefrom. 
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Therefore, the substituents may he exemplified hy e.g. 
the formula: -CHgR 4 . The residue of nucleophilic 
compounds shown hy the symbol R 4 may he hydroxyl, 
mereapto, cyano, axido, amino, carbamoyl oxy, earhamoylthio 
or thio carhamoyloxy, or those substituted with alkyl 
(e.g. methyl, ethyl or propyl), acyloxy (e.g. acetyloxy, 
' propionyloxy, hutyryloxy, henzoyloxy, £ -chlorohenzoyloxy 
or E -methylhenzoyloxy) , or a tertiary ammonium group, 
or hydroxyphenyl, sulfamoyloxy, an alkylsulfonyloxy or 
(cis-l,2-epoxypropyl)phosphono. Furthermore, the symhol 
R k may represent a inercapto group substituted with a 
- hetero ring which' may he a 5- or 6-memhered ring 

containing one to four hetero atoms which may he the 
same or different and consist of oxygen, sulphur or 
15 nitrogen. The hetero ring is exemplified hy, e.g., 
pyridyl, N-oxido-pyridyl, pyrimidyl, pyridazinyl, 
N-oxido-pyridazinyl, pyrazolyl, diazolyl, thiazolyl, 
1,2,3-thiadiazolyl, 1 ,2,4-thiadiazolyl , 1,3,4-thiadiazolyl, 
' 1,2,5-thiadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 
1,3,^-oxadiazolyl, 1,2,5-oxadiazolyl, 1,2,3-triazolyl, 
1,2,4-triazolyl, IH-tetrazolyl and 2H-tetrazolyl. Each 
' of these hetero rings may he further suhstituted and, ■-*- 
•as the suhstitutents, there may he mentioned, for example, 
lower alkyl s such as methyl, ethyl and propyl, lower 
25 alkoxyls such as methoxy and ethoxy, halogens such as 

chlorine and hromine, halogen-suhstituted alkyls such as 
trifluoromethyl and trichloro ethyl , amino, mereapto, 
hydroxyl! carbamoyl or carhoxyl. The tertiary ammonium 
8 group may he exemplified hy e.g. pyridinium, 3-methyl- 

30 pyridinium, 4-methylpyridinium, 3-chloropyridinium, 



20 



t * 

J 

\ 
i 

I 
1 



*<* 



-i 



r 



1 



\ 



I 
t 

. . t 
t 



i; 






i-l 



r 
I 

i 

T 

! i 

- i 

. \ 

\ ; 



il 



, Case 1 :06-cv-01 640-TFH Document 1 8-3 Filed 04/27/2007 Page 1 4 of 68 

u 



3-broniopyridinium, 3-iodopyrictinium, ^-carbainoylpyridinium, 
4- ( N-hydroxyme thyl carbamoyl ) -pyri dinium , k- ( N-carbome thoxy- 
carbamoyl ) -pyridinium , k- ( N-eyano carbamoyl ) -pyridinium , 
] 4-(cartoxymethyl)-pyridinium, 4-(hydroxymethyl)-pyridiniuin, 

5 4- (trifluoroniethyl) -pyridinium, quinolihium, picolinium 

or. lutidium. 

Alternatively, 2-carboxyethenyl, chloro or methoxy 
may be substituted instead of the group represented by 
' ' * the formula: -CH 2 r\ The sulphur atom in the cephein or 
10 penaiu ring may be of the oxido type. The carboxyl group 
p at the h or 3 position of the cephem or penam ring may 

"be of the free type, or a salt with a non-toxic cation 
such as sodium, potassium or the like; a basic amino acid 
such as arginine, ornithine, lysine, histidine or the 
15 like; or a polyhydroxyalkylamine such as N-inethylglucamine , 
diethanolamine, triethanol amine, tri shy droxyuie thyl - 
aminome thane or the like. Alternatively, the carboxyl 
group may be a biologically active ester derivative, 
being conducive to, for instance, an increased blood 
20 level or/and a longer duration of activity. As the 
ester residues of use for this purpose, there may be 
mentioned, for example, alkoxymethyl and a-alkoxyethyl 
and other a-alkoxy-tx-substituted methyl groups, e.g. 
- methoxymethyl, ethoxymethyl, isopropoxymethyl, a-methoxy- 
25 ethyl or a-ethoxyethyl; alkyl thiome thyl groups , e.g. 
j methyl thiome thyl, ethyl thiomethyl or isopropylthiomethyl; 

and acyloxymethyl or a~acyloxy-a-substituted methyl 
\ groups, e.g. pivaloyloxymethyl or oc-acetoxybutyl. 

Thus, the preferred examples of the present cephem 
30 or penam compounds (l) may be represented by the above- 
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* 
* 



mentioned formula (li) or (ill,), and more preferred 

h 
examples are the compounds in which, "by the ~CH 2 R 



group is meant methyl, acetoxymethyl , (l-methyl- 
tetrazol-5-yl)-thiomethyl, (1,2, 3-triazol-5-yl)- 

5 ' thiomethyl or (2»methyl-l,3, i i-thiadiazol-5-yl)-thioBiethyl, 

The compounds (l) are all novel and are useful as 
antibiotics. Like the known cephalosporins or penicillins, 
the contemplated compounds (l) of this invention can 
each he administered in the forms of injections, capsules, 

10 tablets, granules/ solutions, suspensions or in solid 
form, if necessary, with a physiologically acceptable 
* carrier or excipient in accordance with established 

-i 

pharmaceutical procedures. 

Specifically, the contemplated compounds of this 
15 invention, e.g. sodium 7a-methoxy-7P-(2-aminothiazol-4- 
ylglycylamido}-3~(l-inethyl~lH-tetrazol-5-ylthiomethyl)» 
3-cephem~4-carboxylic acid may be injected intramuscularly 

i. 

at a daily dose level of about 5 to 20 rag. Ag. body 

weight in 3 to V divided doses per day, and are effective 

20 against respiratory-organ infections, urinary- tract 

i 
infections, and so on. 

The cephem or penam compounds (i) of the present 
invention can be prepared by e.g. the following processes: 
(a) Reactions of compound (v) and (Vl) > 
25 The carboxyl group of the starting compound (Vl) 

of this reaction may be in the form of a salt with an 
alkali metal or an organic amine, e.g. with sodium or 
potassium, or with triethylamine, or as an ester which 
can be easily converted to yield the free carboxyl 
4 30 group by mild treatment with an acid or an alkali, or 
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by reduction, the ester being exemplified by e.g. 
esterifieation with p-inethylsulfonylethyl, trimethyl- 
silyl, dimethylsilenyl, benzhydryl, p\|3,£-trichloroethyl, 
phenacyl, £~methoxyhenzyl, £-nitrohenzyl or methoxy- 
methyl. As the reactive derivatives of the other 
starting compounds (V) , there may he employed an 
acid halide, acid anhydride, mixed acid anhydride, 
cyclic carhoxy-anhydride, active amide or ester thereof* 



|i . This reaction can he conducted advantageously and 

1 1 

10 smoothly in the presence of a solvent The solvent 

If may he e.g. one of the common solvents or one of their 

< \ - ■ 

i\ ■ 

H . mixtures unless such solvents do not interfere with 

jj the present .reaction. There may he mentioned, there- 

fore, such solvents as water, acetone, tetrahydrofuran, 
15 dioxane, acetonitrile, chloroform, dichlorome thane, 

dichloro ethylene, dimethylformamide, dimethylacetamide 
and dimethylsulf oxide. The reaction may proceed 
* more advantageously when a base such as pyridine, 
j ■■ triethylamine, N,N-dime thy lani line or sodium hicarhonate 

20 is added to the solvent. The quantity of the salt to 

\ 

be added is 100-300$, desirably 100-200$ of that of 
the starting compounds (V). While the reaction tempe- 
rature is virtually optional, the reaction is usually 



I * carried out under cooling or at room temperature. The 

I ■ " - 

1 25 reaction is generally completed within a period of from 

several minutes to several hours. 

If necessary, the resulting compounds are subjected 
to the removal of the protective group and/or the con- 
version of the convertible group. The removal of the 
30 protective group of the amino group may be conducted, 
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for example, "by acid treatment for t~butoxycarbonyl , 
"by a treatment with zinc and an acid for p,p,p- 
trichloroethoxycarbonyl, and by catalytic reduction 

| - for £~nitrobenzyloxycarbonyl. The protective groups 
5 for the hydroxy! group are removed, for example, by 
potassium bicarbonate in aqueous methanol for formyl 
or trifluoroacetyl, by dilute hydrochloric acid 
treatment, for tetrahydropyranyl , and hy zinc and an 
acid treatment for p, p , j3-trichlorethoxycarbonyl . The 

ij ,10 ester residues of >the carboxylic acids are removed, 

- for example, by acid treatment for benzhydryl or £- 
;j " . methoxybenzyl> by alkaline treatment for p-methyl- 
i| sulfonyl ethyl, by aqueous treatment for trimethyl- 

j silyl or dimethyl silenyl , hy zinc and an acid treat- 

'] 15 ment for^ p, p, p-trichloroethyl, and by reduction for 

£~nitrobenzyl. The methyl thio or methyl seleno group 
* may be converted into the methoxy group ^y e«g. 

reacting methanol in the presence of a metal compound 
including, e.g. silver, mercury, lead or thallium. 
20 The removal of the protective groups or the conversion 
of the groups may be performed at the same time if 
possible, or any of them may be removed or converted 

- in accordance with the sort of groups and/or the 
reaction conditions of the next step. 

25 While the starting carboxylic acids (V) may occur 

as D- and L-isomers with respect to the oc~carbon, either 
of these isomers, as well as their mixture, can be 
successfully employed for the purposes of this invention 
It is known that generally, of the cephalosporins or 

30 penicillins having a center of asymmetry at the a- 
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position, the D-isoniers are more actively antibiotic 

than the L-isomers. 

The compounds (V-) employed' as the starting materials 
in this reaction may he prepared by, e.g. the processes 
(9) to (15) mentioned ahove, and are used in the condition 
in which they are obtained by these processes, or after 
.the removal of the protective 'groups and/or the conversion 

of the groups. 

Similar conditions to the above may be applied also 

■i 

to the reaction between the compounds (VI) and the com- 
pounds (IV) * ■ 

("b) Redu ction of the c orapo urLcls (ill) 

In the starting compounds (VIl), the symbols other 
than R 5 have the same meanings as defined above, and 
15 by the symbol R 5 is meant a hydroxyl group which may 

be protected. As the protective groups of the hydroxyl 
group, any of the conventional groups may be used 
' provided they do not disturb the reactions of this 
• invention and there may be generally employed a lower . 
alkyl group such as methyl or ethyl, an aryl group such 
as phenyl or thienyl or an acyl group such as acetyl 



20 



or benzoyl. 

The reduction conditions employed in the present 
reaction may be chosen from the known reduction methods 
25 so far as the compounds (VII) can be reduced into the 
\ compounds (VIII) , and preferred conditions are the 

catalytic reduction employing catalysts such as Raney's 
nickel, platinum oxide, palladium-carbon, ruthenium- 
'1 carbon, rhodium-carbon and copper-chromium oxide, 

30 reduction means employing nascent hydrogen obtained 



f 



< 



r 



'■ i 

; 1 



H 
j.t 

: * 

if 

j. 

' 'T 

; i 

j'i 



: . 



■ ! 

I 



'1 



Case 1 :06-cv-01 640-TFH Document 1 8-3 Filed 04/27/2007 Page 1 9 of 68 



by the co-existence of metals such as sodium, sodium 
amalgam and aluminium amalgam, and water or an alcohol 
reduction means employing a metallic hydride complex 
such as lithium aluminium hydride, diethyl aluminium 
• 5 hydride, sodium aluminium hydride or sodium horohydride, 

reduction means using treatment with metals such as 
zinc or iron, in solvents such as acetic anhydride or 
formic acid, or an aqueous mixture thereof, or 
electroreduction. The reaction conditions such as the 
10 ■ reaction temperature and pressure, the kind of solvent 
-. used and the reaction time, are chosen inter alia 

according to the starting materials and the reduction 
■.. means. After the reduction reaction, the reaction mixture 
may, if necessary, be subjected to the removal of the 
!.j 15 protective group either directly or after the separation 

of the desired compounds (VIII ) . The removal of the 
protective group is conducted in accordance with the 
conventional removal methods employed for the. removal 
of each protective group. 
20 (c) Reaction of the compounds (IX) with nucleophilic 

compounds . 
-In the compounds (IX), the symbol R represents 
earbamoyloxy, an acyloxy group such as acetyloxy, 
- propionyloxy, 3-oxobutryloxy, 3-earboxypropionyloxy, 
25 2-carboxybenzoyloxy, 4-carboxybutyryloxy, mandelyloxy, 
2-(earhoethoxycarbamoyl)-benzoyloxy, 2-'(carboethoxy- 
sulfamoyl)-benzoyloxy and 3-ethoxycarbamoylpropionyloxy, 
or a halogen such as bromine or chlorine, and, among 
them, the acyloxy groups are generally employed. The 
! 30 nucleophilic compotmds correspond to the compounds 
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having the symbol R of the compounds (i) mentioned 
above. Among the nucleophilic compounds, the mercapto 
compounds are each reacted in such forms as the free 
compound or a salt with an alkali metal such as sodium, 
5 . potassium or the like. . This reaction is desirahly 

conducted in a solvent* Thus, for example, use can be 
made of water, heavy water or an organic solvent 
| . which is readily miscible with water and is inert to the 

\ ' t 

| * startjhg compounds, such as dimethyl formamide, diniethyl- 

i dioxane, 

10 acetamide, /acetone, alcohol, acetonitrile, dimethyl - 



If sulphoxide or tetrahydrofuran. The reaction temperature 

- and time depend, among other factors, upon the starting 

compounds and the solvent to he employed "but, generally, 

the reaction is carried out at a temperature chosen 
ij 15 within the range of from 0°C. to 100°C. for a time 
i| chosen within the range of from a few. hours to several 

days. The reaction is desirably conducted in the neigh- 
|| - bourhood of neutrality, or between pH 2 and 8 and, for 

better results, between pH 5 and S. The reaction often 
.20 proceeds more smoothly by the addition of quarternary 

ammonium salt having a surface-active effect (e.g. 

trimethylbenzylammonium bromide, triethylbenzylammonium 

bromide or triethylbenzyl ammonium hydroxide) to the 
i. 

reaction system. To prevent oxidation of the mercapto 

25 compounds, it is advantageous to carry out the reaction 
in an inert gaseous atmosphere, e.g, nitrogen gas. 

The cephem or penam compounds (i) obtained by the 
processes illustrated hereinbefore, can be purified by 
such procedures as column chromatography, extraction, 

30 precipitation or recrystallisation. The compounds (i) 
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are, if desired, further converted e.g. to a desired 
salt or -ester, by a per se known process. 

Similar conditions to the above are applied to 

the reaction of the compounds (XX) with nucleophilic 

5 compounds. 

Each starting compound employed in the above- 
mentioned processes for ' preparing the cephem or penam 
compounds (l) can he prepared for example "by the 
following processes. 
10 (d) Reduction of the compounds (lV)_ 

- Similar reduction conditions to those mentioned 



| at (h) above are employed in this reaction. The 

carboxyl group of the starting compounds (IV) may he 
protected with a protective group removable under mild 
15 conditions which will not interfere with the thiazole 
■ ring, for example, by acid or alkaline conditions or 
"by reduction. Therefore, such protective groups may , 
| " be chosen from those for carboxyl groups generally 

1 . employed in peptide syntheses, and are exemplified 

| 20 "by alkyl such as methyl, ethyl, propyl isopropyl, 
j butyl, sec-butyl, isobutyl or tert-butyl, substituted 

alkyl such as p-methyl sulphonyl ethyl, trichloroethyl 
| or diphenylmethyl, aryl such as phenyl or tolyl, 

I * substituted aryl such as £-tert-butylphenyl or £- 

]■ ! 

I 25 nitrophenyl, aralkyl such as benzyl, phenethyl or > 

tolubenzyl or substituted aralkyl such as £-meihoxy~ j 

benzyl or £-nitrobenzyl. 



.] In the present reaction, it seems that the starting 

j compound (IV) wherein R J is protected hydroxyl , gives 

j 30 a better result. The contemplated compounds (v) may 
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20 






25 



30 



•be purified by a per se known purification method such 
as solvent extraction, P H adjustment, crystallisation, 
recrystallisation, distillation, chromatography or ion- 
exchange chromatography. The isolated compound (V) is 
a PL-mixture and may he resolved into the D-form and the 
L-form, respectively, hy converting it to a suitable 
optical hy active, crystal-forming, salt, e.g. a salt with 
tartaric acid, mandelic acid, malic acid or camphor- 

sulfonic acid. 

( e ) Reaction of the compounds (XIl)._wit h (XIII) 

' m the starting compounds (XII ) , hy the symhol X. 
is meant a halogen such as chlorine, bromine, iodine or 
fluorine. Wen Y represents hydrogen, Z is an amino 
group which may he protected, such groups being 
exemplified above. Alternatively, Y and Z may together 
represent a group of the formula: =NK 5 , such groups 
being also illustrated above. The carboxyl group of 
the compounds (XIl) may be protected in a similar 
manner to that mentioned above in the ease of the 
compounds (IV). In the present reaction, it is desirable 
to react a substantially equivalent mole of both 
ef the starting compounds (XIl) and (XIII) . The 
■reaction is generally conducted in a solvent and such 
a solvent may be chosen from amongst organic solvents 
which will hot disturb the contemplated' reaction. Thus, 
methanol, ethanol, propanol and tetrahydrofuran, for 
example, are suitably employed. The reaction is carried 
out smoothly at room temperature or under reflux con- 
ditions. The reaction is generally completed within 
from one to several hours. The reaction may be carried' 
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out more smoothly by adding a base such as diuiethyl- 

aniline or triethylamine to the reaction system. After 

the reaction has been, completed, the removal of the 

protecting group may he conducted directly on the * 

5 reaction mixture or after isolation of the compounds 

I (XIV), if desired. The purification of the compounds 

] (XIV) may he carried out by similar means to those 

I 

J mentioned above at (d). When the starting compounds 

i / \ 12 

J (XIII) wherein R represents a lower alkoxy group 

i 10 are employed, there is obtained a contemplated compound 

\ / \ 1*3 

j (XIV) wherein R is hydroxy 1 according to the present 

reaction. 

Similar reaction conditions to the above are 
ajrplied to the reaction between the compounds (XXll) and 

15 (xxiii). 

I ( f ) Piazotization of the co m pounds (xy) _ 

The carboxylic group of the starting compounds 



i 



] . or amyl nitrite is generally used. The reaction is 

:] 

^ 30 generally conducted in .the presence of an acid at a 



.4* 



(XV) employed in this reaction may be protected in a j 

' 'similar manner to that mentioned in connection with the 

I 20 above compounds (IV)« The reaction is generally 

< 

i 

j conducted in a solvent, for example, water or a mixture 

1 

:[ * ' of water and an organic solvent which is readily 

l 

; - jniscible with water and does not disturb the present 

1 

j * ■ 

[ , reaction, such as an alcohol, e.g* methanol or ethanol 

! - " ■ 

1 ■ - 

25 or an ether, e.g. tetrahydrofuran or dioxane. As the | 

f 
n diazotization reagents, nitrous acids, alkyl nitrites, f 

nitrogen dioxide and nitrosyl chloride, for example are 

conveniently employed and, among them, sodium nitrite 
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temperature chosen within the range of from o°C. to 50°C 
for a chosen time of from one to several hours. The 
acid employed in the 'reaction is exemplified "by hydro- 
chloric acid, sulphuric acid, phosphoric acid, formic 

acid or acetic acid. 

While a~oximino-2~substituted-thiazol~^-ylaeetic 

acid derivatives involved in these compounds (XIV) and 
(XVI) may occur theoretically as syn- and an ti- isomers 
with respect to the oximino group, each of the "both 
isomers can he used, similarly for the present reaction, 
(g) Reaction of the compounds' (XV II ) and trihalo^enp- 



acetone . 



Xh 



The symbol R represents" an amino group which may 
he protected as illustrated hereinbefore and, therefore, 
the compounds (XVI I) are exemplified by N-( trichloro- 
ethoxycarbony 1 ) -thiourea , N- ( t-butoxycarbonyl ) -thiourea 
and N- (benzyl oxycarbonyl) -thiourea. As the trihalogeno- 
acetone, there are generally used, for example, 1,1,3- 
trichloroacetone and 1 ,1 , 3-trihromoacetone. 

The reaction may be carried out advantageously in 
the- solvent. Any solvent which can dissolve both start- 
ing materials may be employed provided it does not 
-disturb the reaction, and more preferably the solvent 
is exemplified by alcohols such as methanol, ethanol 
and propanql, ketones such as acetone aiid methyl ethyl 
ketone, ethers such as ether, tetrahydrofuran and dioxan, 
or mixtures thereof. The present reaction proceeds 

othly in the presence of a base such as pyridine, 



more smo 



picoline, quinoline, isoquinoline, triethylamine, 
tributylamine, N-methylpiperidine, N-methylmorpholine, 
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j N N-dimethylaniline or N,N-diethylaniline, etc. The 

I reaction may proceed at room temperature and is 

accelerated by heating. Therefore, it is convenient 
to heat at ah out the boiling point of the solvent 
employed. When suitable conditions are chosen for the 
■ present reaction, an intermediate, i.e. 4-hr omome thy 1- 
thiazole, may he obtained in some cases. 

The resulting compounds (XVIIl) are subjected to 
an addition reaction with hydrogen cyanide to give so- 
called cyanhydrin compounds. For this purpose, cyanides 
such as sodium cyanide and potassium cyanide are 
' generally reacted with the compounds (XVIIl) . The 
j ' cyanhydrin compounds can be- isolated as stable acyl 

deri%'atives by protecting them with a suitable protective 
15 group., e.g. formyl or acetyl. An example of a desirable 
procedure is to react acetic anhydride with the cyan- 
hydrin compound in pyridine. The reaction to obtain 
the cyanhydrin compounds or their derivatives is 
• preferably conducted in a solvent in the presence of a 
base. The solvent is desired to dissolve both of the 
starting compounds and the base, and water or a mixture 
of water and an organic solvent miscihle with water 
.(e.g. methanol, ethanol, acetone or dime thy lformamide, 
etc.) is generally employed. As the base employed, 
25 there may be conveniently used, for example, such weak 
base as potassium dihydrogen phosphate, sodium hydrogen 
sulphite or tri ethyl amine. The reaction is carried out 
advantageously under cooling or in the neighbourhood 
of room temperature to avoid undesirable side-reactions. 
The reaction to obtain the cyanhydrin compounds as cc- 
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acetoxy-acetonitfile derivatives is usually conducted 
by reacting acetic anhydride with the former compounds 
in a solvent and in the presence of a base. In this 
reaction, any solvent may be used provided it does not 
5 disturb the reaction, and there may generally be used, 
: • for example, an aprotic solvent such as chloroform, 
carbon tetrachloride, tetrahydrofuran, pyridine or 
diinethylformamide, or various mixtures thereof. Any 
base which does not disturb the present reaction can 
10 be employed, and preferred bases include organic 

tertiary bases such as pyridine, quinoline, isoquinoline, 
tri ethyl a.mine or N,N-dimethylaniline . Among them, 
pyridine is the most preferred because it also works 
as solvent. Acetic anhydride mentioned above is most 
15 ' preferred as the acylating agent, but other acylating 
agents including acetyl chloride may be also employed. 
! The reaction proceeds smoothly under cooling, but, if 

1 desired, it may be conducted in the neighbourhood of 

; ' room temperature. 

r 20 Tne resulting cyanhydrin compounds containing 

i their acyl derivatives are subjected to hydrolysis to 

give the contemplated compounds (XIX). The hydrolysis 
.is carried out in a solvent in the presence of an acid 
or base. As the solvent, methanol or ethanol is 
25 generally used. The reaction is conducted advantageously 
\ ' under cooling to the neighbourhood of room temperature 

so as to avoid undesirable side reactions. In the 
reaction, an inorganic acid such as hydrochloric acid 
or sulphuric acid is preferably employed as the acid, 
30 - and sodium hydroxide or potassium hydroxide is preferably 
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used as the "base. 

While the resulting <x-hydroxyacetic acid derivative 
(XIX) is a racemic mixture,- it can "be resolved into tis 

■ 

optically active isomers, i.e. .this D-form and the L- 
5 ." form hyper se_ known processes, for example, hy intro- 
ducing them into a suitahle diastereoisomer. 

The following are some examples of preferred 
cephem or penam compounds (l) of the present invention: 
7P- [a-Hydroxy- ( 2-aminothiazol-4-yl ) -acetamido ]-3- ( 1 > 2 s 3- 
10 triazol-5-ylthiomethyl)-3-cephem-4-carDoaylic acid 

78- [ ( 2-Aminothiazol-4-yl ) -glycylamido ]-3- ( 1-methyl-lH- 
' tetrazol-5-ylthiomethyl)-3»cephem-ii-carhoxylic acid 

7P-[ (2-Aminothiazol-4-yl) -glycylamido ]-3~(l s S,3-triazol^- 

5^ylthiomethyl)-3"Cephem- j! ±-carhoxylic acid 
15 6p»[(2-Aminothiazol-4-yl) -glycylamido ]-penicillanic 

acid 
7cc-Methosy-7p[(2-aminothiazol-4-yl)-gIycylamido]- 

cephalosporanic acid 
* 7 a-Methoxy-7P-[( 2-aminothiazol-d-yl) -glycylamido ]~ 
20 desacetoxycephalosporanic acid 
I ■ ■6a-Methoxy-6p-[(2-aminothiazoa-4-yl}-glycylamido]- 

penicillanic acid 

7p- [ { 2-Ainino thiazol-4-yl ) -glycylami do ]- 3- ( 5-me thyl- 

l- f 3 f Xt-.thiadiazol-2-ylthiometliyl)-3-cephem-4--carl)oxylie 



25 acid 

7p- [cc-Hydroxy- ( 2-amino thiazol-4-yl ) -ace tami do ]-3- ( 5' 
methyl-1 , 3 , 4-thiadiazol-2-ylthiomethyl ) -3-cephem-4- 

carhoxylic acid 

The invention is illustrated hy the following 

30 Examples: 
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Example i 
A solution of 237 mg. of a-(p, P, p-trichloroethoxycarbo- 
nylamino-a- (2- ( p , p » p-trichloroethoxycarbony lamino ) thiazol- 
■ 4-yD-acetic-acld and 8 ni0. of thionyl chloride is stirred 
at room tempera ture for 1*5 hours. The excess thionyl 
chloride is removed under reduced pressure* To the residue 
are added 183 nog. of 7-aminocephalosporanic acid and 5 m£< 
H ? N-dimethylformamide. The mixture is stirred for 4 hours 
and then 50 m&* of ethyl acetate and saturated aq, ffaCK 
solution are added. The phases are separated and the ethyl- 
acetate phase is dried over magnesium sulfate and filtered, 

* 

The filtrate is concentrated under reduced pressure to give 
340 mg, of an oily residue. The residue is dissolved in 
excess 5 % sodium hydrogen carbonate aq c solution and purified 
with a column packed with polystyrene resin (Amberlite XAD- 
2; manufactured by Rohm ' & Haas Co., U.S.A. ) to obtain sodium 
7p„ { a- ( p , p , p~trichloroethoxy carbony lamino )-ct~ ( 2- ( p t p , p- 
trichloroethoxycarbonylamino)thiazol»4~yl)"acetamido} cephalos- 

poranate. 

Analysis. -Caicd. for C 21 H ig N 5 10 3 2 Cj«gNa-iH 2 0: 

C, '31.12; H 5 2,48, Found: C, 30.96.; H, 2,19- 
Mffi(ppm, 100MHz, CF 3 C0 2 D): 2,25(3H, s f CHjCO), 3.70(2H,q,2-CH 2 ), 
j - % ' 5,00(2H,s,C^ 3 CCH^), 8.12(m,s,thiazole ring proton). 



Example 2 
A solution of 900 mg. of a-(p,p,p-trichloroethoxy- 
carbony lamino-a- ( 2- ( p , p , p-trichloroethoxy carbony lamino )™ 



— Q4T- 
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thiazol-4-yl) -acetic acid and 15 m£. of thionylchloride is 
stirred at room temperature for 1.5 hours. The excess thionyl 
chloride is removed under reduced pressure. To the residue 
are added 700 rng„ of 7-aminocephalosporanic acid and 15 ntf. 
of Jff,I\ T -dimethylacetamide and the mixture is stirred for 4 
hours at room temperature. To the reaction mixture is added 
100 m£> of ethyl acetate and the mixture is washed with satu- 
rated aq, NaC^ solution. The ethyl acetate phase is dried 
over magnesium sulfate and filtered. The solvent is removed 
under reduced pressure *to give an oily residue, which is 
dissolved in 50 mJZ. of 90 $ formic acid. The solution is 
cooled to 0°0 and gradually added with 2.0 g. of zinc dust. 
The mixture is stirred for 1.5 hours at 0°C. The insoluble 
materials are filtered off and the filtrate is concentrated 
under reduced pressure. To the residue is added 20 m£. of 
water and the aqueous solution is treated with hydrogen sulfide 
gas. The resulted insoluble materials are filtered and the 
filtrate is concentrated under reduced pressure. The residue 
is dissolved in 5 %. sodium hydrogen carbonate aq.. solution and 
purified with a column packed with polystyrene resin (Amber- 
lite XAD-2; manufactured by Rohm & Haas Co., USA) to obtain 
! sodium 7p-(2-aminothiazol-4-ylglycylamido)-cephalosporanate. 

i -- ■ This' product is identical with the compound obtained in 

I 

j v Example 1 in all respects. 



Example 3 

t ■ ■ ^■■■ ' ■i ■ ■ ■ 

A solution of 1.40 g. of a-(p ; j3,p-trichloroethoxy- 



^>.£;>* 
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carbonylanino-«-t2- ( p ,3 , p-trichloroethoxycarbonylamino )- 
thiazol-4-yl) -acetic acid and 25 m. of thionyl chloride is 
stirred at room temperature for 2 hours. The excess thionyl 
chloride is removed under reduced pressure, To the residue 

- are added 1*10 g* of 7-aminocephalosporanic acid and 25 m&* 
of ff, N-d ime thy lac et amide and the mixture is stirred for 5 
hours at room temperature. To the reaction mixture are added 
250 mji* of ethyl acetate and saturated aq. NaQ# solution. 
The ethyl acetate phase is' separated, washed with water and 

, - '- dried over magnesium sulfate* The solvent is. removed under 
reduced pressure and the residue is dissolved in 100 m^* of 
90 fo formic acid, ■ The solution is cooled to 0°C, gradually 
added with 5*0 g* of sine dust and stirred for 3 hours at 

- 0°C, The insoluble materials are filtered off and the 
i 

1 filtrate is concentrated under reduced pressure. To the 

■i residue is added 30 mg. of water and the aqueous solution 



is treated with hydrogen sulfide gas* The resulted insoluble 
materials are filtered off and the filtrate is concentrated 

■L 

under reduced pressure . The residue is dissolved in 5 f° 
sodium hydrogen carbonate aq, solution and purified with a 
column packed with poly e thy rene resin (Amberlite XAD-2; 
manufactured by Rohm & Haas Co., USA) to obtain sodium 7p~ 
(2~ahinothiasol-4~ylglycylamido)cephalosporanate. 
1 Analysis.- Calcd. for C^H^^OgSgNa^HgO: 

C, 57.11s H, 4.15* Pound: C, 37.09; "H. 3.93 

Example 4 
To a solution of 4.0 g. of ot~hydrcxy~(2~(p, p t p-tri- 

-1 

1 chloroethoxycarbonylamino)thiazol-4-yl) acetic acid in 40 hl£* 

! - *€ - 

i 
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of tetrahydrofuran is introduced phosgene gas for 10 minutes 
at 0°Co Excess phosgene is removed by bubbling nitrogen gas 
at 40°C. The solvent is removed under reduced pressure to 
give 4,6 g, 'of powdered cyclic c a rboxy anhydride. 

Then 500 mg« of 7~aminocephalosporanic acid is suspended 
in 18 mj.< of IT, N-dimethylacet amide and 690 mg. of the cyclic 
carboxy anhydride is added under stirring* After stirring 
for 1 hour, 100 mj. of ethyl acetate is added and the orga- 
nic layer is washed with water and extracted with 5 5* sodium 
hydrogen carbonate aq, solution. The aqueous layer is 
acidified to pH 2,0 with lN-hydro chloric acid. The solution 
is again extracted with ethyl acetate, and the combined 
organic layers are washed with saturated aq, IfeC^ solution 
and dried over magnesium sulfate* The solvent is removed 
under reduced pressure to give 854 mg, of an oily residue, 
which is dissolved in 5 °A sodium hydrogen carbonate aq. 
solution and purified with a column packed with polystyrene 
resin (Amberlite XAD-2; manufactured by Rohm & Haas Co., 
USA) to obtain" sodium 7p- { a-hydroxy-a-(2-(p, p^p-trichloro- 
ethoxycarbonylaminoHhiazol^-y^acetamido } cephalosporanate. 
Analysis. - Calcd, for C 13 H l6 N 4 g S 2 Q6 5 Ha*2^H 2 0: 

. C, 32.22; H, 3.16; N, 8.35. Found: C, 32*16; H, 3.06; 

N> 7*84. 
BMR(ppm. lOOHHz, CP 3 C0 2 D): 2.24(3H,s,CH 3 CO) f "3.70(2H,q f 2-CH 2 ) f 

4*98(2H,s s C,^CCH 2 ), 5.22(2H,q,3-CH 2 ) , 5.28(lH f 'd,6-H) f 
. 5.88(lH,d f 7-H), 5-72(lH,s t CH), 7>48(lH,s, thiasole ring 

proton) * . . 



J 
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Example 5 
To a solution of 745 mg. of 7p- { a-hydro3cy-cc-(2-(p,p,p- 
I trichloroethoxycarbonylamino)thiazol-4-yl)acetamido J cephalo- 

sporanic acid in JO m£ r of 90 # formic acid is gradually 
" add-ed 800 mg-, of zinc dust with stirring at 0°C and the 
mixture is stirred for 2 hours at 0°C. The insoluble 
materials are filtered off and washed with 10 mj., of 50 j£ 
formic, acid* The combined acidic layers are concentrated 

■ 

under reduced pressure* The> residue is dissolved in 5 % 
I ' " sodium hydrogen carbonate aq, solution and the insoluble 

materials are filtered off. .The filtrate is purified with 
a column packed with polystyrene resin(Amberlite XAD-2; 
manufactured by Rohm & Haas Co., USA) to obtain sodium 7(3- 
(a-hydroxy-a- (2-aminothiazol-4-yl)acetaiEido) cephalosporanate . 
Analysis.- Calcd. ior C^H^jr^Sgira^HgO: 

C, 37.04; H, 3.94; N, 11.52. Found: C, 36.70; H, 3.66; 

TSt, 11,86. 
NMR-(ppm, 100 MHz, CF^COjD) :. 2.24(3H,s,CH 5 C0) , 3.70(2H,q;, 

2-CH 2 ), 5.23(2H,q,3~CH 2 ) J 5.32(lH,d, 6-H), 5.85(lH,d s 

7~H),. 5.56(lH,s,CH), 6. 92 (lH,s,thxaEole ring proton). 

E xamp le 6 
* To a suspension .of 1.17 g. of a~ethoxyimino-a~(2- 
( P » P t p-trichlor oe thoxycarbonylamino ) thiazol-4-yl) acetic 
acid in 20 ing. of water is added 3 ing. ' of IN- sodium hydroxide 
ac^, solution. The resulted solution is lyophilized to give 
the sodium salt* To a suspension of the sodium salt in 30 a\&. 
of benzene are added 889 mg- of oxalyl chloride and 1 drop 
of U,KT-dimethylacetamide and the inixture is stirred for 1 



o — 
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hour at room temperature. The solvent is removed under 
reduced pressure and the residue is dissolved in 20 m£. of 



acetone. 



The solution of the acid chloride in acetone in drop- 
wise added to a solution of 817 mg. of 7-aminocephalospora- 
nic acid and 630 mg. of sodium hydrogen carbonate in 50 mj. 
of water and 25 m^. of acetone with stirring for 30 minutes 
at 0°C. The mixture is stirred for additional 2 hours at 
•room temperature. Acetone is removed under reduced pressure 
and the aqueous layer is washed with ethyl acetate and 
acidified to pH 2.0 with ^^-hydrochloric acid.. The product 
is extracted. with ethyl acetate and the combined extracts 
are washed with water and dried over anhydrous magnesium 
sulfate. Concentration affords 970 mg. of an oily residue, 
530 mg, of which is dissolved in 5 7° sodium hydrogen carbo- 
nate aq. solution and . purified with a column packed with 
polystyrene resin (Amberlite XAD-2; manufactured by Rohm & 
Haas Co., USA) to obtain 184 mg. of sodium 7p- { a-ethoxy- 
imino-a- ( 2- ( p , p , p-tr ichloroe thoxy carbonylamino ) thiazol-4- 
yl)acetamido } cephalosporanate. 
Analysis. - Calcd. for C^gH-^OgSgC^Na-HgO: 

0,35.07; H, 3.09; N, 10.23.. Found: C, 35.24; H, 3.18; 

' tf, 10.33. 
MMR (ppm, 100 MHz, CF.C0 ? D): 1.50(3H,t f CILCH^, 2.25(3H,s, 
CH 3 C0), 3.37(2H,q,2-CH 2 ), 4.6l(2H,q,CH 2 CH g ), 4.99 
(2H,s,C^CCH 2 ), 5.26(2H,q,3-CH 2 ), 5.34(lH,d,6-H), 
6.06(lB\d,7-H), 7.95(lH,s,thiasole ring proton). 
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Example 7 

+m~i**m* 1 , - ..■■^■i.did. 

v ■ 

To a suspension of 390 mg* of a--ethoxyimino~cx-(2-(p,p, 
p~trichloroethoxycarbonylamino)thiasol-4-yi) acetic acid in 
5 m£. of benzene are added 300 mg. of oxalylchloride and 1 
drop of N f N-dimethylformamide .and the mixture is stirred 
for 2 hours at room temperature. The solvent is removed 
under reduced pressure and the residue is dissolved in 10 
mi. of acetone* The acid chloride solution is dropwise added 
with stirring to a solution of 272 mg. of 7-aminocephalos- 
poranic acid and 252 mg* of sodium hydrogen carbonate in 
20 m^ e of water and 10 mA of acetone at 0°C in the course 
of 30 minutes. The mixture is stirred for additional 2 hours 
at room temperature and the solvent is removed under reduced 
pressure. The residual aqueous solution, is washed with ethyl 
acetate and acidified to pH 2,0 with lN-hydro chloric acid* 
The solution Is extracted with ethyl acetate and the combined 
extracts are washed with water and dried over anhydrous 
magnesium sulfate * Evaporation of the solvent affords 7p~ 
{a-ethoxyimino-ce- (2- ( p , p f p- trichloroethoxycarbony lamino )- 
thiasol~4~yl)-acetamido } cephalosporanic acid. This product 
is identical with the compound obtained in Example 6 in NMR 
spectrum (in CF-COpD). 

Example 8 

1 r 

To* a suspension of 390 mg* of a-ethoxyimino-a-(2~ 
(p , p , p- trichloroethoxycarbonylamino ) thiazol-4-yl) acetic acid 
in 10 mi, of methylene chloride is added with stirring 3 12 
mg* of phosphorus pentachloride* 

The mixture becomes homogeneous within 10 seconds. 
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After stirring for additional one hour at room temperature, 

the solvent is removed under , reduced pressure and the residue 

is dissolved in 5 a^ t of acetone. The acid chloride solution 

is dropwise added to a solution of 272 mg* of 7-aminoeepha- 

losporanic acid and 840 mg* of sodium hydrogen carbonate in 

10 m£ t of water and 5 mi. of acetone at 0°G in the course 

of JO minutes ft The mixture is stirred for additional 2 

hours at room temperature and acetone is removed under reduced 

pressure. The residual aqueous solution is washed with ethyl 

ac'etate and acidified to pH 2,0 with lN-hydrochloric acid* 

The solution is extracted with ethyl acetate and the extracts 

are washed with water and dried over anhydrous magnesium j 

sulfate* Removal of the solvent gives 7p- I oc-ethoxyimino- 

a- (2- ( p 9 j3 1 (3-trichloroethoxycarbonyiamino }thiazol-4-yl) - 

acetamidojcephalosporanic acid. This product is identical i 

l 

with the compound obtained in Example 6 in MV3R spectrum (in j 

- if 

CP^C0 o D). f 

Exa mple 9 \ 

"" iT 

To a suspension of 347 mg. of a-oximinO"a~(2~(p ; p, p- I 

trichroroethoxycarbonylamino)thia2ol-4~yl) acetic acid in 20 | 

To. 

mi, of water is added 2 mi. of IN- sodium hydroxide solution, | 

The solution is lyophilised to give the sodium salt. To a | 

v suspension of the sodium salt in 10 mA of benzene are added I 

L 
I 

300 mg* of oxalyl chloride and 1 drop of N,N~dimethylacet- ]; 

amide and the mixture is stirred for 1 hour at room tempera- 
ture* The solvent is removed under reduced pressure and 
the residue is dissolved in 10 m&* of acetone* The acid 
chloride solution is dropwise added to a solution of 261 mg, * 
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of 7-amino-cephalosporanic acid and 200 mg. of sodium hydrogen 
carbonate in 10. mj. of water with stirring at 0°0 in the 
course of 10 minutes* The mixture is stirred for additional 
2 hours at room temperature* Acetone is removed under reduced 
pressure and the aqueous solution is washed with ethyl acetate 
and acidified to pH 2,0 with U\T-hydro chloric acid. The pro- 
duct is extracted with ethyl acetate and the combined extracts 
are washed with water and dried over anhydrous magnesium sulfate. 

* " 

Evaporation of the solvent affords 7p~ { <x-oximino-a-C2-(p, 
|3, g~trichloroethoxycarbonylamino)thiazol-4-yl)aeetamido} - 

cephalosporanic acid, 

HMR (ppm, 100 MHz, CDO^+dg-DMSO) : 2,OOC5HjS>CH 5 CO), 

3.46(2H,q,2~CH 2 ), 4.85 (2H,S,C^CCH 2 ) ., 4.96(2H,q,3-CH 2 ) , 
5.06(lH,d,6-CH) f 5.a9(lH,q,7-CH) f 7.39(lH,s,tiiiazole 
ring proton), 9.26(IH,a f 7-HH). . 

Example 10 

i ' — — 

To a solution of 590 mg, of 7p~ { d-ethoxyimino-a- 
(2-(p ? PjP-trichloroethoxycarbonylamino)thiazol-4«yl)aceta- 

mido } cephalosporanic acid in 30 *U. of formic acid is 
gradually- added 654 mg* of zinc dust with stirring at 0°C 
and the mixture is stirred for 1*5 hours at 0°C. The inso- 
luble- materials are filtered off and washed with 50 % aq.* 
% formic acid. The combined acidic layers are concentrated 
under reduced pressure* The residue is dissolved in 20 m&. 
of water and hydrogen sulfide gas is bubbled through the 
solution for 20 minutes and insoluble material is filtered 

- 2& - 
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off. The filtrate is lyophilized to afford 380 mg..of the 
crude product which is dissolved in 5 ^ sodium hydrogen 
.carbonate solution and purified with a. column packed with 
Amberlite XAD- -2 (manufactured by Rohm & Haas Co., USA) to 
" obtain sodium 7p-(2-aminothiazol-4-ylglycylamido)cephalos- 

poranate. 

Analysis - Calcd. for C^H-^OgSgNa-^O: 

Cj 35.78; H, 4.40; N, 13.90. Poimd: C, 35.22; H, 4.03; 

BMR (ppm ? 100 MHz, D 2 0): 2.25 (3H, s.CI^CO), 3*66(2H,q,2~CH 2 ) , 
5>26(lH,d,6-H) ? 5*30(lH,s,CH), 5 .75 (lH,d,7-H) , 6.88 
(lH,s,thiazole ring proton). 

Exa mple 11 
To a suspension of 1,563 g- of a-ethoxyimino~cc-(2- 
(p f p , p-trichloroethoxy carbonylamino ) thiazcl-4-yl) acetic ac id 
in 20 m£o of methylene chloride is added 1.250 g. of phos- 
phorus penta chloride with stirring. The mixture is stirred 
for 1 hour at room temperature and concentrated under reduced 
pressure. The residue is dissolved in 20 m£ 9 of acetone. 
The acid - chloride solution is added to a solution of 857 mg. 
of 7-aminocephalosporanic acid and 1,68 g. of sodium hydrogen 
carbonate in 40 ai, of water and 20 mi* of acetone at 0°C 
4 with stirring in the course of 30 minutes. The mixture is 
■stirred for 2 hours at room temperature and acetone is removed 
under reduced pressure. The residual aqueous solution is 
washed with ethyl acetate, acidified to pH 2*0 with US-hydro- 
chloric acid and extracted with ethyl acetate * The combined 
extracts are washed with water and dried over anhydrous 

- 3? - 
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magnesium sulfate* Evaporation of the solvent affords 2,04 g. 
7(3™ { cc-e-thajcyimino-oc- ( 2- (p , p f p-trichloroethoxycarbonylamino )- 
thiazol-4-yl)acetamido jdesacetoxycephalosporanie acid. 
Yield 86 „ 9 #. 
MKR (ppm, 100 MHz, CDC^--hdg-DMS0 ) : 

l^eCJHjt.CHjCI^), 2,13(3S. i B,^-CE,); 3.40(2H,q,2-CH 2 ), 
4»23(2H,q T CH 2 CH 3 ), 4»86(2H,s f OfcCCHg), 5.06{lH,d,6-H) f 
5.80(lH,q f 7-H), 7.26 and 7.83(1H, two s, thiazole ring 
proton), 

573 .mg» of the acid is dissolved in 5 % sodium hydrogen 
carbonate aq, solution and purified with a column packed with 
Amber lite XAD-2 (manufactured by Rohm & Haas Co* ,USA) to obtain 
233 mg« of sodium 7j3-{ a-ethoxyimino-a~(2~(p,p,p-trichlQro~ 
ethoxycarbohylamino)thiazol-4-yl)acetamido J deaacetoxyeephalos- 
poranate* Yield 39*2 c /o+ 
Analysis - Calcd» for C^H^N^S^CJMTa^O :" 

C, 34.49; H, 3.06; 3ff, 11.17. Found: C, 34.96; H, 3.43; 
H, 11.17. 

Example 12 






V 






3: 



a' 



* 



w,™ > 



To a solution of 1*467 g* of 7(3- { a-ethoxyimino^ 
C2-(p,p,p-trichloroethoxycarl3onylamino^thiaaol-4-yl)acetamldo} 
desacetoxycephalosporanic acid in SO mJ.* of 90 f> aq. formic 
acid is gradually added 1*634 g. of zinc dust at' 0°C and the f 

mixture is stirred for 1.5 hours at C a The insoluble | 

material is filtered off and washed with 50 ?S aq, formic I 

acid* The combined acidic layers are concentrated under 
reduced pressure and 200 m& m of water is added to the residue. "i 
Hydrogen sulfide gas is bubbled through the aqueous solution 



v. 
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and insoluble material is filtered off. The filtrate is 
lyophilized to yield 1.15 ■ .g. °f "the formate'. Yield 100 56. 
The formate is dissolved in 5 "A sodium -hydrogen carbonate 
aq. solution and purified with a column packed with Amberlite 
XAD-2 (manufactured by Rohm & Haas Co. , USA) to afford 614 mg. 
of sodium 7p-(2-aminothiazol-4-ylglycylamido)desacetoxy- 

cephalosporanate. Yield 62.7 ?». 

Analysis - Calcd. for C^H-^l^O^Fa-lillgO: 

C, 57.51; H, 4.10; If, 16.74. Pound: 

0, 57.81? H, 4.24; N, 16.69. 
NMR(ppin, 100 KHz, D 2 0): 2. 05 (3H, 8,3-01^), 5.48(2H ! q,2~CH 2 ) , 
' 5. 13(lfl,B f CH), 5.18(IH,d f 6-H), 5.79(lE,a,7-H), 6.99 

(lHjS,thiazole ring proton). 

Example 13 

* I W|^ ■■■* n ^ *^- BI ■!' 'I >■ ■ I 

A mixture of 650 mg* of a-ethoxyimino~a-(2-hydroxy~ 
thiazol~4~yl)acetic acid and 750 mg. of phosphorus penta- 
chloride in 50 m& of dry ether is stirred for 2 hours at room 
temperature. The acid chloride solution is added to a sus- 
pension of 1*10 g* of 7-amihocephalosporanic acid in 30 m£* 
of N.Ifr-dimeihylacetamide and 'the mixture is stirred -for 3*5 
hours at room temperature* To the mixture is added 200 mil* 
of ethyl acetate. and the organic solution is washed 7 times 
with water* The solvent is removed under reduced pressure 
and the residue is dissolved in 5 > sodium hydrogen carbonate 
aq. solution and purified with- a column packed with Amberlite 
XAD-2 to afford sodium 7p-(a~ethoxyimino-a~(2-- : hydroxythiazol~ 
4-yl)acetamido) cephalosporanate . 
Analysis - Calcd. for C^H^N^OgS^a^HgO : 

- #5 - 
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C, 37.36; H, "4,24; N, 10.25. Found: G, 37.37; H, 3.90? 

Iff, 9.86.- • 

NBR (ppm, 100 MHz,' CF 3 C0 2 D): 1.44(3H t t,Ctf 3 CH 2 ), 2.2l(3H,s, 
CHjCO), 3.70(2H,q,2-CH 2 ), 4.48(2H f q,CH 2 CH 5 ) f 5.25(2H, 
q[.,3-CH 2 ), 5.30(lH,d,6-H), 6.05(lH,d,7-H), 7J-3(lH,s, 
thiazole ring proton), • 

Example 14 
To a suspension ox 1,08 go of a~ethoxyimino~oc~(2- 
hydroxy thiazol~4~yl)acetic acid in 20 m£* of absolute ether is- added 
1.25 g. of phosphorus pentaehloride and the mixture is stirred 
for 2 hours at room temperature. The acid chloride solution is 
dropwise added to a suspension of 1,80 g* of 7-aminocephalos- 
poranic acid in 50 mj* of >T,¥~dimethylacetamide and the 
mixture is stirred for 4 hours at room temperature* The 
mixtxire is extracted 3 times with each 120 m^e.of ethyl 
acetate and the combined extracts are washed with water and 
dried over anhydrous magnesium sulfate* The solvent is 
removed and the residue is dissolved in 60 mjj* of 90 J&.aq. 
formic acid* To the acidic solution is added 4*50 g. of zinc 
dust at 0°C and the mixture is stirred for 2 hours at this 
temperature* 

' Insoluble material is filtered off and the filtrate 
is concentrated under reduced pressure,- To the residue is 
added 20 nt0. of water and hydrogen sulfide gas is bubbled 
through the aqueous solution for 5 minutes, Insoluble material 
is filtered off and the filtrate is again concentrated. . The 
■residue is dissolved in 5 C A sodium hydrogen carbonate aq. 

- 30 - ■ 
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solution and purified with, a column packed with Amberlite 
XAD-2 to afford sodium 7p-(2-hydroxythiazol-4~ylglycylamido)- 

cephalosporanate. 

Analysis - Calcd. for C^H^H^SgNa-HgO: 

: ' C, 58.46; H, 3.66; W, 11.96. Pound t C, 38.35; H, 4.04; 
N, 12.28. 

- Example 15 

A solution of 10.0 g. of N-(p,p f p-trichloroethoxy- 
carbonyl) thiourea, 12.0 g. of 1,1,3-tribromo acetone and 
5.0 g. of dime thy laniline in 100 mi. of ethanol is heated 
under reflux for 2 hours,' After cooling/ ethanol is removed 
under reduced pressure, and the oily residue is dissolved in 
ethyl acetate, Ethyl acetate layer is washed with water and 
dried over MgS0 4 . Ethyl acetate is removed nnaer reduced 
pressure and the oily residue is dissolved in small quantity 
of chloroform. Prom the solution is obtained 2-(p,f$,p- 
trichloroethoxycarbonyl)amino-4-foricylthiazole as a crystal- 
line form. 5.0 g„ Melting point: 188-190°C. 
Canalysis - Caled. for C^O^SC^ :' 

C, "27.69s H, 1.66; IT, 9.23. Found: C, 27-87; H, 1.19; 

N, 9.01. 

tJMR (ppm, 100 MHz, CDO^-dg DMS0): 

5. .05 (2H,8,C^CCH 2 -) f 8.05(lH,s,5-H), 9.80(lH,s,CH0) 

Example 16 
To a mixture of 1.0 g. of 2-(p,p,p-trichloroethoxy- 
carbonyl)amino-4-formylthiazole, 0.87 g. of KH 2 P0 4 , 6 mi. 
of water and 4 mi. of dimethylformamide is. added 0.33 g. of 

. » 37 - ' 
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KCN at room temperature and the mixture is stirred for 50 
xnins. The reaction mixture is extracted with ethyl acetate 
and the ethyl acetate layer is washed and dried. Evaporation 
of ethyl acetate gives a-hydroxy~(2-(p ? p , p-trichloroethoxy- 

% 

carhonyl)aminothiasol-4~yl)acetonitrile .1.127 g. 
HMR (ppm, 100 MHz, CDO^ ) : '4. 90(2H, s.C^CCHg-), 5.70(lH,s, 
^CHCN), 7.90(lH,s,5H). " ■ 

Example 17 

. 1 l I l ~T ' ' 

To a solution of 1.10 g. of a-hydroxy-(2-(p,p,p- 
trichloroethoxycarbonyl)aminothiazoi~4-yl) acetonitrile in 
1 Bi. of pyridine is added 2.5 m&. of acetic anhydride under 
ice-cooling and the mixture is stirred for 1 hour. The 
mixture is treated with ether and water and the organic 
layer is washed with aq.NaHCO^ and then with water. Evapora- 
tion of ether gives a~acetoxy-(2-(p,p,p~trichloroethoxy~ 
carhonyl)aminothiazol-4~yl) acetonitrile. 1.5 g. 
HMR(ppm, 100 MHz, CDC^): 2.20(3H,s,C0CH 5 ), 5.0O(2H,s, 

C1CCH 2 ~), 6.60(lH,s, >CECN), 7.30(lH,s,5-H) . 

Example 18 
To a solution of 1.30 g. of a-acetoxy-(2-(p,p,p- 
trichloroethoxycarbonyl)aminothiazol-4-yl) acetonitrile in 

10 mA of methanol is bubbled gaseous chlorine for 10 mins 
under ice-cooling, and the mixture is. kept standing at room 

J * 

temperature for 1 hour.'. After evaporation of methanol is , 
added 40 bus. of 50 f> aq. methanol to the residue and stirred 
for 1 hour. To this reaction mixture is added 1.0 g. of 
NaOH and .stirred for 1 hour. Methanol is removed under 

- 5& - * 
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reduced pressure and the residue is extracted with ethyl 

■i 

acetate after "being made acidic with N-HG*. From the washed 
and dried extract is obtained a-hydroxy«C2~(p,p,p-trichioro- 
ethoxycarbonyl ) amino ) thiazol-4-yl acetic acid. 0.996 g. 
Melting point: 135~136 C. 
Analysis - Calcd. , for C 8 H 7 5 N 2 SG^ 5 : 

" * C, 27,48; H, 2.02; N, 8.01. Pound: C, 27.72; H, 2.05; 

N, 8.08. 
KMR(ppm, 100 MHz, CDCL0- ) : 4.90(2H J s,C^ 3 CCH 2 -) , 5.40(lH,s, 

^CH-C00H), 7.10(lH,s,5-H). 

Example 19 . 
To a solution of 21.43 g. of ethyl a-ethoxyimino-f- 
oxo _ y -bromobutyrate in 80 mj.. of ethanol is added 8.81 g. 
of methylthiono carbamate and the mixture is heated under 
reflux for 1,5 hours. After cooling ethanol is removed under 
reduced pressure and the oily residue is dissolved in chloro- 
form. The chloroform solution is washed ; dried , and condensed. 
The condensate is purified by silica gel chromatography to 
give 11.9 g. of ethyl a-ethoxyimino-(2~hydroxythiazol-4-yl)- 
acetate.' Melting point: 54-55°C 
Analysis - Calcd. for C^H^O^S: 

'" c, 44.25; H, 4.95; N, 11.47. Found: C, 44.54; H, 5.04; 

N t 11.53. 
HMR(ppm, 100 'Mz, CDCj^ ) : 6.33(1H, s,5-H). 

Example 20 
To a solution of 10 g. of ethyl a~ethoxyimino-(2- 
hydroxythiazol~4-yl)acetate in 30 m£.. of ethanol is added 
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a solution of 11.47 g.. of KOH in 50 m£. of water at room 
temperature and the mixture is stirred for 25 mins„ The 

w 

■ reaction mixture is condensed -under reduced pressure and 
is made acidic with 10 % aq* HO#> Ethyl acetate extract of 
the reaction mixture is extracted with 10 % aq.HaHCOj. , The 
aqueous layer is then made acidic with 10 °/i aq*HCL£ and 
extracted again with ethyl acetate. From the ethyl acetate 
extract, after being washed and dried, is obtained a crystal- 
line substance. Recrystallization from benzene-ethanol gives 
a-ethoxyimino-(2-hydroxythiazol-4-yl)acetic acid. 7.5 g. 

Melting point; 131. 5°C (dec.)* " 

Analysis - Calcd. for CjHgO^gS: 

C, 38.88; H, 3.72; IT, 12,95. Pound; C, 38.65; H, 3.85; 
IT, '13.06. 
'NMR(ppm f 100 MHz, dg-DMSO): 6.64(lH,s f 5-H). 

Example 21 . 
To a mixture of 1 g, of a~ethoxyimino-(2~hydroxythiasol~ 
4-yl)acetic acid, 10 m^. of 50 J* aq e formic acid and 5 n^« 
of methanol is added gradually 0.9 g* of zinc dust under 
ice-cooling. The mixture is stirred for 1 hour at this state 
and then for 30 mins at room temperature* The reaction mix- 
ture' is filtered and the filtrate is passed through a column 
K packed with ion-exchange resin (Amberlite IR-120(H)) to give 
purified 2-hydroxythiazol-4-ylglycine. 
Analysis ~ Calcd. for CcHgO^HgS: " * 

- N, 16.03, Pound: N 5 15*96 
MR(ppm, 100 Iffiz, -CJyJOOD): 5-56(lH f s, >CH-CQOH.) , 6.91 
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(lH,s,5-H). 

Exam p le _ 22 
To "a mixture of 4-0 m£. of c.HC^ and 100 m^* of water 
is dissolved under ice- cooling 8.8 g, of ethyl a~oxyimxno- 
(2~aminothiazol-4~-yl)acetate, A solution of 2*8 g, of J 
NaM) p in 20 mi, of water is added to this solution in a 
period of 20 mins« After being stirred for 2,5 hours under 
ice-cooling the reaction mixture is extracted with 200 m^. 

n 

i - 

of ethyl acetate o The oily substance which is obtained from 
the ethyl acetate extract is purified by silica gel chromato- 
graphy to give ethyl a-oxyimino~(2-hydroxythiazol~4~yl)~ 
acetate* 

i 

MMR(ppm, 100 MHz, CBC^ 3 ) : 1.37(3H f t f CHgCH^), 4.36(211,(1, 
CH 2 CH 3 ), 8*02{UH f 6,5-H)< 



Exa mple 23 
To a solution of 1*3 g. of ethyl a~oxyimino-(2-hydroxy 
thiazol-4~yl)acetate in 5 m^. of ethanol is 'added under ice- 
cooling 30 nU* of 50 % aq, formic acid* Zinc dust (1.17 g. ) 
is added gradually to this solution in a period of 5 mins. 
The reaction mixture is stirred for 2 hours and filtered. 
The filtrate is condensed under reduced pressure and the 
I residue is poured into 10 a£. of water. The water layer is 
! v made alkaline with 10 fi aq; HaHCG, and extracted with ethyl 
I acetate. The oily substance which is obtained from the 

ethyl acetate extract is purified by silica gel chromato- 
graphy to give ethyl 2~hydroxythiazol~4~ylglycine . 
j HMR(ppm, 100 MHz, CDO^): 1.22(3H, t , -CI^CH^ ) f 4.27(2H,q f 

] ■ ~ 4ft - 

i 



IP 
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' -CH 2 CH 5 ), 4.65(lH,s J >CH-COOC 2 H 5 ) J 7.14(1H, 6,5-H). 

The- ester is acylate'd with p, p, p-trichloro ethyl chloro-- 
formate in CHpC^ in the presence of trie thylamine to give 
ethyl a-(p , p , p-trichloroethoxycarbonylamino)~(2-hydroxy~ 
thiazol-4-yl )acetate . 
Analysis -- Calcd. for C^H^O^SC^ : 

N, 7.41. Found: N, 7.39 
HMR(ppm, 100 MHz, CDG^,): 1.26'(3H, t,~CH 2 CH 5 ), 4.22(2H,q, 

-CHgCH,), 4.70(2H s s,C^ 3 CCH 2 ), 5.42(lH } dpCH~COOC 2 H 5 ) f 

7.24(IH,s;.5-H). . ■ - 

Example 24 
To a solution of- 1.93 g< of ethyl a-oxyimino-p-oxo- 
^-chlorohutyrate in 10 mi, of ethanol is added 1*27 g* of 
ethylthiono carbamate and the mixture is heated for 2 hours 
under reflux* The oily condensate of the reaction mixture 
is purified "by silica gel chromatography to give ethyl a- 
oxyimino~(2~hydroxythiazol~4-yl)acetate. The ester is 
identical with the substance obtained in Example 22 in all 
respects*. "* ' 

Exam ple 25 
" To a solution of 2,65 g. of ethyl ot-acetamido-p~oxo- 
% V-bromobutyrate in 10 nU. of -ethanol is added 1.09 g. of 
methylthionocarbamate. The mixture is heated* for 1*5 hours 
under reflux and condensed under reduced pressure. 

The condensate is dissolved in chloroform. The chloro- 
form layer is washed, dried and condensed to give ethyl oc- 
acetamido~(2~hydroxythiazol~4~yl)acetate. This ester (2,0 g.) 

* 

- 42" - 
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is dissolved in 10 mi. of methanol and to this is "added a 
solution of 3.09 g. of Ba-(0H) 2 *8H 2 in 50. mi. of water and 
the whole mixture is stirred at 70°C for 3 hours. After 
cooling, gaseous C0 2 is bubbled into the reaction mixture to 
cause precipitation of BaCO,. BaCOj thus precipitated is 
filtered off and the filtrate is passed through a column 
packed with ion-exchange resin CAmberlite IR-120(H)) to give 
purified 2~hydroxythiazol-4~ylglycine. This substance is 
identical with the sample obtained in Example 21 in all 
respects. , . 

Example 26 

To a solution of 2.2 g. of ethyl a~methoxyimino-p- 
ozo-^-hromobutyrate in 40 'mi. of ethanol are added 1.22 g. 
of dimethylaniline and 2.2 g. of N-(p,p f B-trichloroe-thoxy- 
carbonyl) thiourea, The mixture is heated for 1.5 hours 
under reflux. The condensate of the reaction mixture is 
recrystalliaed to give ethyl a~methoxyimino-(2-(p, j3, p~ - 
trichloroethoxycarbonylanri.no )thiazol-4-yl) acetate. 1.84 g. 
Melting point: 125--128°C. . 
Analysis - Calcd. for C^H^O^SC^ : 

C, 32.65; H, 2.99; W, 10.38.' Found: C, 32.81; H, 3.14; 

' N, 10.19-. 
WiH (ppm, 100 MHz, CDO^): 7.15<lH f s,5-H) . 

Exampl e 2 7 
2o a solution oi 8,1 g s of ethyl a-msthoxyimino-(2- 
(P ? P j p»trichloroethoxycar"bonylamino)thiazol-4-yl) acetate in 
50 mA of ethanol is added a solution of 11*2 g. of KOH in 

£f_5 



1 



£ 
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a mixture of 30 mi. of water and 150 m£. of ethanol, 

The whole mixture is stirred at room temperature for 

* 

1 hour, and ttien condensed under reduced pressure. The 
residue is extracted with ethyl acetate. The water layer 
is made acidic with 10 % ag.. HC# and the separated solid is 
collected c Recrystallization of the solid from aq. methanol 
gives a-methoxyimino- (2- ( p , p , p-trichloroethoxycarbonylamino )- 

t 

thiazol~4~yl) acetic acid. 4.1 g. Melting point: 162-163 °C 
Analysis - Calcd. for CgHgO^SC^g: 

0,'. 28.70; H, 2.14; 'N, 11.16. Found: 

C, 28.64; H, 2.11; N, 11.06 
BMR(ppm, 100 KHs, 'ODC^+dg-BMSO) : 7.26(lH,s f 5-H) . 

Example 28 
Ethyl a~methoxyimino~(2-(p,p,p--trichloroethoxycarbonyl- 

amino)thiazol-4~yl)acetate (2.02 g.) dissolved in 150 mjj. of 
ethanol containing 10 % HC* is hydrogenated in the presence 
of 2.0 g. of 5 % Pd/carbon. After 240 inju of hydrogen is 
absorbed, the reaction mixture is filtered and the filtrate 
is condensed under reduced pressure. The residue is washed 
with ether and treated with a mixture of 70 m. P* ethyl acetate 
and 20 mA of 5 $ aq» NaHCOj. The ethyl acetate layer is 
washed, dried and condensed to give C2~(p,p, p-trichloroethoxy- 
carbonyiamino)thiazol-4-yl) glycine ethyl ester, 1.22 g. 

Analysis - Calcd. for C 10 H i2°4 N 3 SC ^ : 

0,. 31.89; H, 3.21;. N, 11.16. Found: 
- C r 31.91; H, 3,00; N, 10,63 . ' _ 

NMR(ppm, 100 MHz, .CP 3 G00D): 5.82(1H,9,XIH-C00C 2 H 5 ), 






ni 
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7.74(lH,s,5-H).. ' 

Example ,29 
(1) A solution of 19.'? g. °f ethyl a-oxyimino-p~oxo- 7 - 
chlorobutyrate and 8.0 g. of thiourea in 200 m£. of ethanol 
is heated for 2 hours under reflux. The mixture is condensed 
under reduced pressure and the residue is dissolved in 10 $ 
aq. EC^. The solution is washed with ether to remove vn- 
reacted butyrate and is adjusted to P H 7,0-7.5 with NaHCCy 
Chloroform extraction of the mixture gives ethyl a-oxyimino- 
2-aminothiazol-4-ylacetate. 6.4 g. Melting point: 137-158°C 

(dec.)» 

Analysis - Calcd. for C^O^S: 

C, 59.06; H, 4.21; N, 19.52. Pound: 

C, 59.64; H, 4.09l N, 19-62. 
IR(Nujol, cm" 1 ): 3430(C=M)H), 1710(ester) ' . 
(2) Ethyl cc-oxyimino~2-aminothiazol-4-yl-acetate (2.15 g. ) 
obtained in the foregoing part is dissolved in a mixture of 
20 n£. of 50 fo aq. formic acid and 10 mA of methanol; . To 
this is added 1.5 g. of zinc dust and the mixture is stirred- 
.for 5 hours under ice-cooling. The filtered reaction mixture 
is condensed under reduced pressure and the condensate is 
passed through a column packed with ion-exchange resin 
(Amberlite IR-120(H)) . The column is washed with water to 
remove formic acid and then is eluted with 10 # aq. ammonia 
to give 2-aminothiazol-4-yl-glycine. 1.49 gi Recrystalli- 
zation from aq. ethanol gives pure sample; Melting point: 
'l86-190 o C(dec.), 
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Analysis - Calcd, for C^O^S-iE^O: 

0, 22,96; H, 4.43; N, 23.06, Pound: 

C f 32.94; H, 4.61; N, 22,22 
HMR(ppm, 100 MHz, OSGOOD): 5-25 (HI, s, ;?CH-C00H) , 6.75(lH t s f . 

5-H). 
Violet color with ITinhydrin reagent. 

Example 30 

A solution of 19*3 g. of thiourea and 53 o g. of ethyl 
ct-oxyimino~(3~oxo~ y -chlorobutyrate in 300 m^c of ethanol is 
stirred for 3 hours at room temperature, and condensed under 
reduced pressure. Water (200 m£.) is added to the residue 
and washed with ether. To this are added 130 m0. of 85 D fi 
aq> formic acid and 150 U. of ethanol . Under ice-cooling 
37 g* of zinc dust is added gradually to this mixture and 
stirred for 3 hours at room temperature. 

The filtered reaction mixture is passed through a 
column packed with ion-exchange resin (Amberlite IR-120(H)) . 
The column is washed with water and eluted with 10 fo aq., 
ammonia to give purified 2~aminothiazol~4-ylglycine (27.5 g. ) 
which is identical with the sample obtained in Example 29 
in all respects . 

Ex ampl e^ 31 
Ethyl a~oxyimino~2-aminothiazol-4~ylglycine hydrochlo- 
ride (503 mg*) is dissolved in 10 mj. of 50 fo aq.. formic 

cid and 5 m^. of ethanol. Zinc dust (300 mg.) is added to 
this solution under ice-cooling and stirred for 3 hours. ' 
The reaction -mixture is condensed under reduced pressure 
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below 30°CL and -the residue is made pH 7*5 by adding Iff- 
Ha OH. Ethyl acetate extraction gives 2-aminothiazol-4~ 
:ylglycine ethyl ester, 130 mg. . 
BMR(ppm, 60 MHz, CF^COOD): l«04(3H,t,-CH 2 CH 3 ), 4.18(2H,q f 

-CHgClW}, 5-35{lH ? s ? >GH-COOC 2 ?I 5 ), 6*90(lH,"s,5-H.). 
Mass: m/e 201,0549 (theoretical: 201,0571) 

b 

Example 32 






To a solution. of 26,6 g. of ethyl a-acetamido~p-oxo- 
l -bromobutyrate in a mixture of 50 m£. of ethanol and 20 mg. 
of ether are added 9.14 g, of thiourea and 15 mg. of pyri- 
dine* The mixture is stirred 1 hour at room temperature and 
then 4 hours under reflux. The reaction mixture is condensed 
under reduced pressure and 50 mjf. of ethyl acetate is added 
to the residue. The mixture is extracted with 3N-HC^, The 
water layer thus separated is made pH 10 by adding lN-NaOH 
and extracted with ethyl acetate. 

The ethyl acetate. extract is washed, dried and condensed . 
To this condensate is added small quantity of chloroform to 

> 

cause crystallisation of ethyl a~acetamido-2~aminothiasol-4- 
yl-acetate. 7,0 g. Melting point: 161. 1°C. 
Analysis - Calcd. for CgH^O^N^S: 
■ "■ ", C, 44,43; H, 5.39; N f 17.27. Found: 

C, 44,46; H, 5*24; N, 16.99 

Example 33 
.To a solution of 34*6 g* of ethyl a-acetamido-p-oxo- 
Y-promobutyrate in. a mixture of 50 mA of ethanol and 20 v&* 

[ \ w 

I of ether are added 18.9 g. of N-acetylthiourea and 15 mA of 



U-^ 



A 
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pyridine. The mixture is heated under reflux for 4 hours, 
and condensed under reduced pressure. The condensate is 
extracted with ethyl acetate and the extract is washed with 
5. i» aq. NaHCO,, then with water, and dried. The oily 
substance which is obtained from the extract by removal of 
the solvent is purified by silica gel chromatography to 
give ethyl a-acetamido-2-acetamidothiazol~4-ylacetate. 4.46 g. 

Melting point: 148.9-150°C 

H 

Analysis - Calcd. for C^H-^O^S-lAHgO: 
. C, 45.59; H, 5.39; N, .14.50. Found: 
C, 45.73; H, 5.40; N, 14.21 

Example 34 
To a solution of 2.51 g.' of N-(p, (3, j3-trichloroethoxy- 
carbonyl) thiourea and 2.66 g. of ethyl a-acetamido-p-oxo- T ~ 
bromobutyrate in 50 mi. of ethanol is added 1.8 g. of K,IT- 
dimethylaniline. The mixture is stirred for 24 hours at 
room temperature, and condensed under reduced pressure. 
The residue is dissolved in 30 m£. chloroform and the solu- 
tion is washed with 5N-HCUJ, water, and dried.' The solid 
matter which is obtained by removal 'of chloroform is purified 
by silica gel chromatography to give ethyl a-acetamido-2- 
(8, p", p-trichloroethoxycarbonylamino)thiazol-4~ylacetate, 

1.43 g. Melting point: 161. 9°C. " ■ 

Analysis - Calcd. for C 12 H 14 5 N 3 SC^4H 2 0:- 

C, 35.70; H, 3-54; H, 9-82. Found: 
C, 33.69; H, 5.64; N, 10.06 
■ MMRfppm, 100 MHz, dg-DMSO): 1.15(3H,t,-CH 2 ^) f '4,09(2H,q, . . 

5c> 
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-CH 2 CH 3 ) 5 l„88(3H,s,C0CH 3 ), 4.96 (2H, s,C^CCH 2 ) , 
' 5742(lH,d,~CHCOQC 2 H 5 ), 7.13(1H, s,5~H) . 



To 



a 



Example 55 
suspension of 100 mg. of ethyl a~acetamido-2-(p, 
p f p-trichloroethoxycarbonylamino)thiazol-4~ylacetate in 5 m£. 

of water is added 2 M. of lN-NaOH and the mixture is stirred 
for 2 hours at room temperature. The reaction mixture is 
washed with ethyl acetate and the water layer is made pH 2.0 
with M-HCj, and then extracted with ethyl acetate. The 
extract is washed, dried, and condensed to give JT-acetyl- . 
2- ( p , p , p-trichloroethoxycarbonylamino ) thiazol-4-yiglyeine. 
65 mg. Melting point: 158. 0°C. 
Analysis - Calcd. for C^H^O^SG^^'^O: 

C, 30.05; H, 2.771 N, 10.51. Found: 
. C, 30.15; H, 2.52; H, 10.23. 
HMR(ppm, 100 MHz, dg-DMSO) : 1.89(3H,s,C0CH 2 ) , 4.97 ( 2H f s, ' 

C£ 7 C0E 9 ), 5.4O(lH,d,>CHC00H), 7.10(1H, s,5-H) . 

Example 56 

To a .solution of 238 mg. of ethyl <x-oximino-p-~oxo-y- 
bromobutyrate in 10 ml. of ethanol is added 251 mg. of ff- 
(p,p,p-trichloroethoxycarbonyl)thiourea and the mixture is 
heated under reflux for 6 hours. After cooling, 50 m&. of 
chloroform is added and the organic solution is washed with 
water and dried over anhydrous magnesium sulfate. Evapora- 
tion of the solvent followed by chromatographic purification 
on silica ge i affords 164 mg, of ethyl a-oximino-a~(2-(p, p f p- 
trichloroethoxycarbonylamino ) thiazol-4-yl) acetate . 

; ■ - . - 6& ■- 
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Analysis - Calcd. for c io H lO N 3°5 SCJ S : 

C, 30.74; H, 2.58; N, 10.75;. C^, 27.23. Found;' 

C, 30.. 95 J H, 2.51; N, 10.75; ^, '27.02. 
MMR(ppm, 100. MHz, CDC^) : 1.35(3H, t.CH^CIL,) , 4.36(2H,q, 

OH^OHg), .4.87(2H,s,C^ 3 CC^) f 7.94(lH,s, thiazole ring 

proton) . • 

Exampl e 37 
A solution of 2.0 g. of ethyl a-oximino-a~(2-(p, P, p- 
trichloroethoxycarbonylamino)thiazol-4-yl)acetate in 50 mX 

of 10 Jo HC-^-ethanol is hydrogenated over 0.5 g. of ,5 f> 
palladium-on charcol under shaking. 

The reaction stops when 90 m&. of hydrogen is absorbed 
Additional 1.5 ' g. of the catalyst is added and 170 mi. of 
hydrogen is absorbed. Insoluble material is filtered off 
and the filtrate is concentrated under reduced pressure. 
The residue is washed with ether, neutralized with 10 f> 
sodium hydrogen carbonate aq. solution, and extracted with 
chloroform, washing with water, drying over anhydrous magne- 
sium sulfate, evaporation of the solvent followed by chroma- 
tographic purification on silica gel column affords 560 mg.. 
'of 2- ( p , p s p-trichloroethoxycarbonylamino )thiazol~4~ylglyeine 

ethyl ester. 

Analysis - Calcd. for C^H^N^SC^ '' 

C, 31.89; H f 3.21; I, 11.16. Found: 

C, 31.91; H, 3.00; N, .10.63. 

NMR(ppm, 100 MHz, CF^COpD): 1.37(3H,t,CH 3 CH 2 ), 4..47(2H,q, 

•CH 2 CH 3 ), 4.93(2H,s,0« 3 CCH 2 ), 5.82'(lH,s,CH), 7.74(lH,s, 



■ ■< ■ ^*i ™ ■ p 
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To a solution of 3.40 g. of 2-(j3, (3 f p-trichloroethoxy- 
carbonylamino)thiazol~4-ylglycine ethyl ester in 50 m£. of 
chloroform are added with stirring 1.2 g. of trie thy lamine 
and 2,50 g. of p 5 p , p-trichloroethoxycarhonyl chloride at room 
temperature* After '30 minutes stirring, 100 mA of chloro- 
form is added to the mixture and the organic solution is 
washed with saturated EaQl aq. solution, IE-hydro chloric 
acid and then with water, and dried over anhydrous magnesium 
sulfate* Evaporation of the solvent affords crude product 
which is recrystallised from a mixture of ligroin and n- 
hexane to give 4,11 g* of 2-(p,p,p-trichloroetho3cycarl3onyl- 
amino ) thiasol-4-yl-N- ( p , p , p-trichloroethoxycarbonyl ) glycine 
ethyl ester. Yield 82 fo. 
Analysis - Calcd, for C^H-j^OgSG^g : 

0, 28,28; H, 2.37; ST/ 7.61. Found: 

0, 28,39; H, 2,38; H f 7.71. 
NMR(ppm, 100 MHz, CDCiL): l.'21(3H,t, CHjCHg), 4,60(2H ? q, 

CHjCH 2 ), 4,85 and 4.86(4H,two s, CJ 3 CCH 2 ), 5.60(lH,d, 

i- h 

CH), 6, 98(lH,s, thiazole ring proton), 7.38(lH,d,a-HH). 

Exam ple 59 
To a solution of 5.82 g. of 2-(0,p, j3-trichloroethoxy- 
carhonylamino)thiazol-4-yl-N-(p,p,p-trichloroethoxycarbonyl)» 

glycine ethyl ester in 150 mi, of ethanol is added a solution 
of 1.94 g. of potassium hydroxide in 10 m&. of water with 
stirring at room temperature, After 30 minutes stirring, the 

■SB 
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solution is concentrated under reduced pressure and 50 m* 
of water is added to the residue* The aqueous solution is 
washed. with ethyl acetate, acidified to pH 2*0 with 1U- 
hydrochloric acid and extracted with ethyl acetate* The 
combined extracts are washed with water, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. 
The crude material is re crystallized from a mixture of ethyl 
acetate and ligroin to afford 1.85 g* of 2-(p ? p,p»trichloro- 
e.thoxycarbony3jajnino)thia,zol-4-yl»N"-(p , P» p-trichloroethoxy- 
c a rbonyl) glycine* Yield 50 % 
NMK(ppm, 100 HHz, CDO^) :■ 4.80(4H, s t CJ^CCR 2 ) f 4,65(lH,s, 

2-ME), 5. 48 (1H, broad d, CH), 6 ,14(111, broad d,a~HH) f 

6.95(US|S,thia2ole- ring proton). 

Example 40 
To a suspension of 3*46 g, of 2~aminothiazol~4-yl~ 
glycine in 3,00 m#, of K,F~dimethylacetamide is added with 
stirring 12,66 g. of • p, p, p~trichloroethoxycarbonyl chloride 
over 30 minutes at room temperature* After 30 minutes stirring, 
250 mA of ethyl acetate is added to the reaction mixture and 
the resulting solution is washed with 70 mA of lN-hydrochlo- 

' ric acid* The organic phase is extracted 3-times with 50 m£. 
of 3 f° potassium hydroxide solution* The combined aqueous 
extracts are washed with ethyl acetate, acidified to pH 2.0 
with lN«hydro chloric acid and extracted 3 times each with 

■ 100 mi, of ethyl acetate* The combined extracts are washed 
with water , dried over anhydrous magnesium sulfate and con- 
centrated. The oily residue is recrystallized from a mixture 



§* - 
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of ethyl acetate and ligroin to afford 510 mg. of 2-{p,p f p- 
trichloroethoxycarbonylamino )thlaz6l-4-yl-N- ( p , p , p-trichloro» 
ethoxycarbonyl)glycine. This product is identical with the 
compound obtained in Example 39 in all respects* 

Example 4 1 
To a suspension of 2.4 g. of 7-amino-3-(l-methyl«lH- 
tetrazol™5«yltliiomeihyl)~3-Gepliem-4-carlDoxylic acid in 20 mfc 

of dimethylacetamide is added 2.4 g. of cc-hydroxy-2-(p,p, j3- 
trichloroethoxycarbonylamino)thiazol-4-ylacetic acid cyclic 
carboxy anhydride (obtained by the procedure described in 
Example 4) and the mixture is stirred for 15 hours at room 
temperature. Ethyl acetate (100 mjj.) is added to the reaction 
mixture and filtered. . The filtrate is extracted several 
times with 5 $ aq. NaHC0 7 . The combined extract is made 
pH 3*0 with 10 fo aq* HG£ and extracted with ethyl acetate. 
The ethyl acetate extract is washed with saturated aq. NaO£ 
and dried* Evaporation of the solvent gives 7,6- { a-hydroxy- 
(2-(p T p J p"trichloroethoxycarhonylamino)thiasol-4-yl)acetamido} 

3-(l-iiiethyl-lH»tetrazoi"5-yithiomethyl)-3"Cephem-4~carboxylic 
acid (1.8 -g.)» which is then dissolved in .100 ml, of 90 fi. 
aq* formic acid under ice-cooling. To this solution is added 
1,8 g. of zinc dust and stirred for 1 hour under ice-cooling. 
v The reaction mixture is filtered and condensed under reduced 
pressure* Water (100 mi.) is added to the condensate and 
HUS gas is bubbled into the aqueous solution to precipitate 
zinc sulfide. Zinc sulfide is filtered off and the filtrate 
is condensed under "reduced pressure and the condensate is 

~&5 - 
SS 
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dissolved in 5 % aq, NaHCCU and the solution is passed through 
a column packed with polystyrene resin (Amberlite XAD-2) to 
give purified '7p(a~hydroxy-(?-aminothiazol"4-yl)acetaniido)- 
3«(l-inethyl-lH~tetrasol-5-*ylthioinethyl)--3-~cephejii"4"*carboxylic 

acid sodium salt. 



Analysis - Calcd. for G^H^O^S^a^I^Os 
C, 32,14; H, 5*78; N 9 19.99, Found: 
' C, 32.53; H, 3.77; N, 19.50. 

HMR ( ppm , 100 MHz , D 2 0.) : 3 . .71 ( 2H , q. , 2-CH 2 ) s 4 . 14 ( 3H , s , U-CH, ) , 
5.28(lH,s f >CH-C0NH). f 5.22(lH,d f 6-H), 5.75 (lH,d,7-H), 
6.84(2H,b,5-H.). 

Example 42 
To a solution of 100.8 rag. of NaHCO* and 127.6 mg. of 
5- ffi ercapto-l--methyl-lH-tetra2ole inlOg. of water is added 
486 mg. of sodium 7p-(a-hydroxy r -(2-aminothiazol-4-yl)acet- 
amido)cephalosporanate. The mixture is stirred at 55°C for 
20 hours. After cooling the mixture is passed through a 
column packed with polystyrene resin (Amberlite XAD-2) to 
give purified sodium 7p-Ccc-hydroxy-(2-aminothiazol-4-yl)~ 
acetamido) -3- ( l-methyl-lH-tetrazol-5-ylthiomethyl )-3-cephem- 

f 

4-carhoxylate, which is identical with the sample obtained in 
Example 41 in all respects* 

Example 43 
To a suspension of 781 mg. of a-ethoxyimino (2-(p f p' t p- 
trichloroethoxycarbonylamino)thiasol-4-yi) acetic acid in 
15 m^* of CHpO^p-is added 625 nig. of phorphorus pentachloride, 
The 'mixture is stirred at room temperature for 1 hour. The 

5b 
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solvent is removed under reduced pressure and to the residue 
is added 10' m^. of acetone. ' ■ . ■ 

■ On the other hand 7-amino-3-(l-methyl-lH-tetrazol-5- 
ylthiomethyl)~3-eephem-4--carboxylic acid (657 nig.) and KaHCC^ 
(1.68 g.) is dissolved in a mixture of 20 nu2. of water and 
10 mA of acetone. To this solution is added, under ice- 
cooling, the foregoing acetone solution is added in a period 
of 50 jnins.- The mixture is stirred at room temperature for 
2 hours, and condensed under reduced pressure to remove 
acetone. The condensate is washed with ethyl acetate and 
made pH 2.0 with 1N-HCX and extracted with ethylacetate. 
The ethyl acetate extract is washed, dried, and condensed to 
give 7p- { a-ethoxyimino~(2~(p,p,p-trichloroethoxycarbonyl- 
amino ) thlazol-4-yl) acetamido } -3- (1-methyl-lH-t etrazol-5- 
ylthiomethyl)-~3-cephem~4-carboxylic acid. 925 mg. 
HMR(p P m, 100 MHz, CF,C00D): 1.50(3H, t .CHgCH,) , 4.60(2H,*," 
-CH 2 CH 3 ), 3.85(2H,q ; 2-CH 2 ) } ' 4.12(3H ! s,W-CH 5 ), 4.98 

' (2h7s,0/,CCH ? -) s 5.3 8(lH,d,6-H), 6.02(1H,^,7~H), 7.91 
(lH,s,5-H). . 

Exampl e 44 
Sodium 7p~ { a-ethoxyim:Lno-(2-(p,p > p-trichloroetboxy-- 
carbonylamino)thiazol-4•■•yl)aceta^lido} cephalosporanate 
(667 mg.), NaHC0,(9O mg.) and 5~mercapto~l~methyl-lH-tetra- 
sole (120 mg.) are dissolved to 20 m0. of water. The mixture 
is stirred at 60°C for 8 hours and filtered. The filtrate is 
made pH 2.0 with 1N-HC* and the separated solid is collected 
to give 7p- {a-ethoxyimino~(2-(p,p,p-triehloroethoxycarbonyl-~ 

-%%--' 
SI 



c 
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amino )thiaeol-4-yl)acetamido } ~3-(l-methyl~lH~tetrazol-5- 
ylthiome-thyl)-3-cephej&-4-carl)oxylic acid. (2J8 iag\ ) which is 
identical with the sample obtained in Example 43 in all 



respects 



5S 
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Wh at we cl aim is: 

1. A cephem or penani compound [l] having a partial 

structure of the formula [l] 




8 



R 



CHCONII 

i 

o 

IT 



R 
[ 



3 



o 



>--i. 



[i] 



wherein R 1 represents an amino or hydroxyl group, 
which may he protected; H 2 represents an amino or 
hydroxyl group, or a group convertible into either 
or hoth of these groups; R 5 represents hydrogen 
or a methoxy' group, or a group convertible into a 



8 



me 



thoxy group; and R .represents hydrogen or a 



halogen, 
2* A cephem or penani compound [II] having a partial 

structure of the formula [ll] 



R- 




N 



R 



11 



CHCONH 

n 10 



[ii] 



/-^ 



10 



wherein each of R^ and R represents an ammo 



11 



or hydroxyl group; and R represents hydrogen or 
a me thoxy group. 
3. A cephem or penam compound of the formula [III]: 



R- 




N- 



R 



11 



CHCONH 
t 



R 



10 







// 



A 

N — A 



[III] 



therein A represents a group of the formula: 



■j 



jf 



59 
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» i 



cn„ 

CH 3 



COOH 



or 




COOH 



■CHE 






in which K 4 represents hydrogen or a residue of 
a nucleophilic' compound; and each of other symbols 
has the same meaning as defined in claims 1 and 

2 above. 

A compound of the formula [IV]: 

8 



R 1 




^ 



N_ 



- CCOOH 
NR 5 



[IV] 



wherein R 5 represents a hydroxyl group which may 
"be protected; and" each of other symbols has the 
same meaning as defined in claims 1 and 3 above, 
5. A compound of the formula [V]: 



R- 



S 



1 

N 



,8 



CHCOOH 
R 2 



[V] 



wherein each of the symbols has the same meaning 

as defined in claim 1 above. 
6. A process for preparing a cephem or penam compound 
[l], which comprises reacting a cephem or penam 
compound [VI] having a partial structure of the formula 



[VI] 



B' 



v~ 



f 







J^ 



N 



wherein the symbol R^ has the -same meaning as 
defined above with a compound [V] as defined in 



a* 



6o . 

til 
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claim 5 above, followed, if necessary, by the 
removal of the protective group and/or the 
conversion of the convertible group, 
7. A process for preparing a compound [VIII] having 
a partial structure of the formula (VIII): 



R 1 - s .e 8 r3 



I 

N, 



R- 



CIICONH 
i 



NH 



2 







Jr~ 






[VIII] 



which comprises reducing a compound (-VI I ) having a 
partial structure of the formula (VII); 



R* 



N- 



.8 



C-CONH 

.5 



R 



NE" 







f 



N 



[VII] 



wherein each of the symbols in formulae VII and 
VIII above has the same meaning as defined in 
claims 1 and 4 above, 
followed if necessary, by the removal of the protective 
group and/or the conversion of the convertible group. 
8, A process for preparing a compound of the formula 



(x): 



R' 




R 



8 



chconh- 

r 

2 



R 

i 
i 

i 



3 



R 







<r~ 



N 



T 

CO0H 



CH 2 R 



[:x] 



wherein each of the symbols has the same meaning 
as defined in claims 1 and 3 above, 
which process comprises reacting a compound of the 



formula (IX) 






£-» 
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S y R 



8 



R- 



N 



i 



CHCONH 
t 

R. 2 








[IX] 



CH n Il 



CO OH 



wherein R 6 represents an acyloxy or carbamoyl oxy 
group or a halogen; and the other symbols Have the 
same meanings as defined in claim 1 ahove 

with a nueleophilic compound, followed, if necessary, 

hy the removal of the protective group and/or the conversion 

of the cenvertihle- group. 

9. A process for preparing a compound of the formula 



(XI) 



R- 



I' 



S R' 



8 



cue ooii 



[XI] 



Nil 



2 



(wherein the symbols have the same meanings as ' 

defined above, 
which comprises redxicing a compound [IV] as defined in 
claim 4 ahove, followed, if necessary, by the removal 
of the protective group. 
10. A process for preparing a compound of the formula 



(XIV) 



R 



13 



Y 



N 



[XIV] 



- C-COOIi 

A 

Y Z 



wherein R 13 represents hydroxy I or amino, which 
may be protected; and the other symbols have the 



m 



leanings defined below, 



s--.."'V 






62 



4 



V% 9 



..I 
r 
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which process comprises reacting a compound of the 



formula (XII ):. 



XCH - 



C 

IE 





. C - COOH 

/\ 

Y Z 



[XII] 



wherein X is a halogen and, when Y is hydrogen, Z 
is an amino group, which may he protected; or Y 
and Z represent jointly a group of the formula;' 

=NR 5 
■ in which R^ is hydroxy I, which may he protected, 
and a compound of the formula (XIII): 



R 
12 



12 



S 
II 

c 



NIL 



[XIII] 



wherein R represents a .lower sUcqxy group or 
amino group, which may he protected, 
followed if necessary, by the removal of the protective 

group, 

11. A process for preparing a compound of the formula 



(XVI): 



HO 




N. 



C-C00H 
ii 



[XVI] 



NR 



5" 



■J 



wherein the synihol R^ has the same meaning as 
defined in claim 4 above, 
which process comprises reacting a compound of the 



formula (XV): H >j ^ S 

C-t 



N 



-C-C00H 

11 5 

NIT 



[XV] 



t 

i 

•i 



w 



herein the symbol R^ has the same meaning as 



defined above 



1 1j< 



V 
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i 



with a diazotizing reagent. 

12. A process for preparing a compound of the formula 

R 14 -R 

- CH-COOH . [XIX] 



N- 



t 

OH 



wherein the symbol R i has the meaning defined 

below, 

which process comprises reacting a compound of the 

formula (XVII): " ./ ' 

E 14 -CS - NH 2 [XVII] 

wherein R represents an amino group which may be 

protected 
with trihalogenoacetone in the presence of a "base to 
obtain a compound of the formula (XVIIl): 



^ i 




CHO [XVIII 



14 
■ wherein the synihol R has the same meaning as 

defined above, 
subjecting the compound [XVIII] to an addition reaction 
with cyanic acid and hydro ly sing the resulting product, 
foil owed ^ if necessary, by the removal of the 
protective group * 

13 P A process for preparing a compound [VII], which 
comprises reacting a compound [VI ] with a compound [IV],. 
followed, if necessary? by the removal of the protective 
group and/or the conversion of the convertible group. 



64 
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Ik, A process for preparing a compound of the formula 



(XXI): -i 

It 



s H 



8 



N 



O CONH 

IT 



NE 



5 




CH R 
2 



CO OH 



[XXI] 



wherein the symbols have the me aning s defined in 
the preceding claims, 
which process comprises reacting a compound of the 



formula (XX) 
- R 1 




N 



8 



R 



C CONH 

ir 

NR 5 



* 







^ 




CH 2 R 



COOH 



[XX] 



wherein the symbols have the meanings defined in 

the preceding claims 
with a nucleophilic compound, followed if necessary, 
by the removal of the projective group and/or the 
conversion of the convertible group. 
15. A process for preparing a compound of the formula 



(XXI II): 



R 



13 




C-COOH 

5 
Nir 



[XXIII] 



wherein the symbols have the meanings defined 

in the preceding claims \ 
which progress comprises reacting a compound of the 
formula (XXII): 



it 
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}.i^ 



Sfi. 



X 



OIL 







C 



o mi 






CO OH 



[XXII] 



wherein the symbols have the meanings defined in 

the preceding claims, 
with a compound [XIII], followed if necessary, "by the 
removal of the protective -group. 



9 
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